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FOREWORD

The first decnde of cosmic era was a grand epic of
men's courage, unprecedented in enterrrise and unique in

its scientific and technical results,

The first artificial satfellite of the Earth, first
flight to the Moon and transmission to the Earth of the
photographs of its invisible side, the first soft landing
on the surface of the Moon, the first satellites of the
moon, flights to Mars and Venus, the first smooth descent
in the atmosphere of planet Venus of %the automatic apparatus,
the first flight of man into cosmos, the first exit of man
into cosmic space. No epoch has ever known such a majestic

upward flight of science and technique!

The Soviet people, their scientists and engineers have
inscribed a brilliant page into the tressury of international

culture and the progress of the whole mankind.

The Socialist Society have opened immense possibilities

for a tempestous development in every sphere of modern science.

In our country there is a great number of scientific
research and designing institutes, capable of resolving the
most complex problems of the modern astronautics. The Communist
Party of the Soviet Union is extremely inter-sted in the

development of the most foward trends in cosmic investigations,

gives all possible assistance to daring projects of the Soviet

scientists and engineers.
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One of the outstanding pioners of space-research was
the notable scientist of our country Academician S5.P. Korolev,
under whose leadership many space-rocket systeme and space

apparatuc have been constructed.

Many Institutes of the Academy of Sciences of USSR and
its scientists have greatly contributed to the study of

cosmology and of the planets of Solar System.

The obtained data have revolutionized out concepts
regarding the circumterraneous cosmic space, physical properties
of the Moon, planets, Mars and Venus regarding properties of

the intervlanetary space.

At present by means of cosmic devices it has beconme
possible to study a great number of physical processes, occurring
in the Universe, from the elementary particles to gigantic
sources of energy, such as Quasars, radio-waves from the Galaxy,
flare up of Supernovas, the colossal energy of which is generated
in the form of electromagnetic radiation, flux of relativistic

particles, magnetic fields of high intensity and kinetic energy

of ejected gas.

Cosmic investigations are undergoing "period of storm and
rush", There are heated acientific diecussions, continuous

appearance of new facts and new ideas,

-
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Wwe are coming closer to understanding the nature's
marvels: aurora borealis, magnetic storms, carth radiation
belt. A picture of grandeur is uncovering in front of us of
physical menifestations, apparently, interrelated, but distinct
in such properties and diversity of processes, that the only
why to unravel all themchanisms of their origin is the

simultaneous study of all the manifestations as a wholes

Perceptible on the ESarth is the echo of a cosmic storm
of enormous blasting force, vhich is caused by the effect of

solar wind on the geomagnetic field and upper atmosphere.

The magnetic field of the Earth becomes deformed and
localized in a certain region of circumterraneous space, known
as the magnetosphere of *he Earth, and on the night side of
the Barth forms a gigantic magnetic tail, extending beyond the
Moon's orbit. Tﬁe magnetosphere and the magnetic teil are full
of charged particles of different energy, which, interacting

with geomegnetic field, specify many geophysical phenomena.

All this has become possible to study due to launching
of artificial earth satellites or a whole system of satellites,

as for instance, cosmic system "Electron".

Step-by-step the cosmic and rocket technique have armed

the saientists with a multiform arsenal of means for investigation

of cosmic space and the Solar system planets.
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It is vell known, what gigantic technicnl erectionc
are the accelerators of charged particles., These accelerators
are constructed in many countries for studying physics of
elementary particles. Deeper penetration into the mysteries
of the matter's structure requiree emormous energy of particles.
In cosmic space there is a existence of particles with energies
of hundreds thousands milliards of electric volts. Construction
on Earth of accelerators with these energies is at present

practically impossible.

Soviet scientists have developed scientific equipment
capable of recording particles of cosmic rays of superhigh
energies directlyin the cosmic space., A series of these
experiments is the launching of "Proton" satellites, by means
of which it was possible to obtain a number of major scientific
results on the physics of cosmic rays and interaction of

superhigh energy particles with nuclei of various atoms.

The use of cosmic technique has permitted to advance
investigations of the interplanectary medium to a considerable

extent.

In the pegion, investigated by meanc of interplanetary
sondes, ie.e. between the orbits of Venus and Mars and in the

vicinity of ecliptic, there is a constant flux directed

approximately from the Sun of charged particleo, known as the

PSS .
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Solar wind, with density usually of a fow particles in a
cubic centimeter and velocity 307=500 km/sec. The ionic
component consists of protons and, aprarently, helium

nuclei (alpha-particles) with concentration 10 times lees.
There are preliminary indications on the presence of once-
jonized heliun, although its presence in the solar wind is
difficult to explain - in the sclar corona it is not present
(there the helium is completely ionized), and %he number

of .the particles collision in the interplanetery medium is so
low, that once-ionized particles should not be formed. The
characteristics of the electronic component are still hardly

knowne

Besides the directed velocity, the flux particles have
chaotic velocities, which represents in the temperature of
medium in the range from thousands to hundreds of thousands

of degrees.

The flux of solar plasma carries with it magnetic field.
This magnetic field is extremely weak - abou one ten-thousandth
of the field's intensity on the Earth, However, it is known,
that it is highly significant in the transmission of interaction
both in the interplanetary medium itself and between the plasma
flux and the Solar System planets. The lines of force of the
magnetic field have on an average the form of an Archimedean

screw due to the fact, that the plasma produces the magnetic
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field approzimately radiclly from the ravolving Sune ilow
the study boeginoc of the fi ¢ structure of *he interplaneinry
medidum -« individual recently discovered mapnetic fiberag,
disturbances, and algo of shock waves, propapgating within
the interplanetary medium after the oripinntion of active

processes on the sun.

Outstanding results vere obtained in the study of the

lioon and ths planets Mars and Venus.

The automatic stations “"Luna=9" and "Luna~13" have
made it possible tc '"examine' in direct vicinity the
microstruacture and surface properties of the Moon. It was
found, that the strenpgth of lunar ground was sufficiently
high to withstand the weight of automatic stationse. Smooth
descent of the "Venera=4" station into planet's atmosphere
made it possible to obtain direct experirental data on
chemical composition, density and temperatuce of the
atmosphere of Venuse All these investigations open cut a

new era in astronomy = the era of experimental astronomye.

At present the obtained dava permit to formulate aluso
certain pgencral problems and prosp.cts of investirationse
‘"hic primarily pertainc to the lloon, the study problen of
which could be divided into three intercom ':.ed aspects of

irvestipgationss

a) structure of the lunsr interior and the

processes occurrins thereing
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b) composition and strueture of the Moon's surface

and their trancfermationj

¢) history and evolution of the Moon.

These acpects of investigation are applicable to all
the objects of planetary or subplanetary dimensions of the
Solar System. As regards the Moon, the special interest is
presdnted by the processes, relating not only to its surface,
but are general for the Solar Sysiem, for instance, collision
of solid bodies and charged solar corpuscles, physical recording
of these effects, specially for the early period in the history
of solar System. The fact, that old rocks and deposits oa the
surface of the Moon could serve as basis for the chronology of
events, relating to formation and accretion of the Earth group
planets, imparts a special significance to the Moon's investigations.
Since the geological processes, which change the surface of the
Moon are, probably, much slower, than the geological processes
on the Earth, the part of lunar stratigraphic evolution reflects
the early history of the Solar System, which, naturally, cennot

be discovered on the Earth.

The main object of the geological dnvestigations of the
Moon is the atudy of the past of this planet and of the Solar
System, in which 1t exists. The basic point in this time
prospect iz to define the stratigraphic succession ( order),
in which deposits of the past were accunulating. The difficulty

of resolving this problem on the Earth is specified by ‘the faot, ",
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that as a result of active orogenesis, erosioa snd formatien
of sedimentary rocks even the least noticeuble remmant of the
initial Earth structure happens to be destroyed. At present
there is practiocally nothing known ( at least nothing concrete)
of the first billion of yeara of the Earth's existeuce.

The moon's surface could be one of the few places, wvhere
the earliest stratigraphic evidence has been preserved and is
poseible of beinz decoded, And because of the nearness of the
Moon to the Earth a more detailed study of the Moon's structure
is possible with the same out lay efforts, than the study of the
geological structure of another nearest planet of the Earth
group. Events recorded on the Moon are to a great extent similar
to events on the Earth. Investigation of the Moon's origin
makes it poseible to elucidate the question ragarding the comamon
history of the Moon and the Earth. The comparieon of the
Earth and the Moon could resolve many basic probleas of the

F‘.!‘tho

At present the chemical evolution of the Earth's crust
complicated as a result of transformation by surface waters is
aot quite clear. The Moon may serve in this respect as an
example of uncompleted evolution. The prccesses of orogenesis
on the Earth are only partially comprehensible, since the
tectsonically active regions are covered by oceans or thick

sedimentary ec¢'ies of rocke. Ae regards the Moon the tectenmie
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deformatien of the planet's surface could be studied wilhout
the masking effect of erosion, formntion of sedimentnry reockns
or oceans. In the same way volcanie produccs, conteminated
on the Earth by transition through chemically transformed
surface deposits, on the moon should be quite free of these

effects.

Thus, besides satisfying the natural interest to composition
and history of the Moom, its study may be extremely important
from the viewpoint of cosmology and comprehension of the main
problems of the mprphology o:f the Earth and of the'89lar Systen

as a whole.

Study of the Moon's shape, distribution of the substances,
within it, heat flow from the Moon's interior and its magnetic
field extends our knowledge of the composition and history of

the Earth~Moon systenm.

In other words, problem of the Moon's invest.gation is
inseparably bound with the problem of studying the Earth as

one of the planets in the Solar Systen.

Highly significant from the viewpnint of understanding
the origin ané evolution of the whole Solar System and the
Earth are, in particular, investigations of other planets,
priaarily Venus and Mars. Investigations of Mars are of interest
also from the biological point of visw, as it is precisely on this

planet that the discovery is most probable of at least elementary

forms of life,
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But the important prospects of investigatiome are bound
not only with investigation of the celestial bodiee of the
Solar Systew, but 2k  vith the study of tne Sun iteelf, with
the study of interplanetory medium and those flows of Solar
plasma, which are recorded in the circumterraneous and inter-

planetary space.

The interplanetary matter - is the outermost portion of

the Solar corona. The acceleration of the coronal substance

upto velocities of the Sclar wind occurs with the heating of
corona, and to elucidate the acceleration mechanism - means to
resolve one of the main questions in physics of the solar

corona - its heating upto such high temperatures. é

The interplanetary matter is one of the main factors,

determining the state of the outer layers of the mantle of

planets und, in particular, of the Earth. If in the streamlining
of the Moocn by solar wind the particles are simply absorbed by

the lunar surface, with the streamlining of the magnetic field

of the Earth its outer areas are deformed, there is formation

of magnetic tail, and the variability of the flux and ite magnetic
field causes on the Earth magnetic storms, Aurora Borealis and
other important geophysical pheriomena. The streamlining by solar
wind of Venus is entirely different - this planet does not have its
own appreciable magnetic field and the only obstacle for the flow

of plasma is the ionosphere of the planet.

|
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“he interplanetary medium is the medium, within which
propagate cosmic rays, in particular, solar cosmic rays and,
since the cosmic space has become che activity sphere of a
man and his devices, the conditions of the propagation of
particles with dangerous radiation must be known, so as to

devise protection againgt them,

Finally, the interrlanetary matter is a natural laboratory,
where the physicists may study processes, occurring in the
highly varified, collision-free plasma, in conditions, which

in some respects are unattainable on the Earth.

Thus, we are right at the start of investigations of the
most interesting events, occurring within the Solar System

and in the Universe.

But the pursuit of astronautics is not only the purely
scientific aims. 3&ven now it is possible to sneak of the immense
possibilities of usin; coemic space in applied and agricultural

problems.

Bverybody knows, how variable is the we:ther at all the
latitudes and what a complex problem it is to forecast it. 1In
aid to meteorolorists came satellites, which have become the
cosmic eye, surveyinp our planet. All chanpges, occurring in the
cloud syotem, shifting of cyclomes and other meteorol-~gical
processes, are immediately transmitted by the satellites to

Earth.
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At present we have in our country a global cosmic system
"Heteor'", by means of which an effective checking of the

meteorological conditions on our planet is conducted.

The communication satellites have opened a new chapter
in the transmission of information between the cortinents,
have connected, so to say, by a direct channel of radic and
television the most distant corners of the Earth. "}Molniya"
satellites jointly with ground stations of “Orbita" system
ensure in our country continuous communication between the

most remote %towns, including the Extreme iiorth.

In future, by means of satellites it will be possible
to set up service for prevention of forest fires, service, by
means of which it Qill be possible to provide fishermen with the
most appropriate points for fishing in seas and oceans, help
geologists in the search for useful minerals, to assure

constant observation of solar "weather'.

Cosmic investipations is a pigantic stimulus of scientifie
and technical progress. Only a country with an extensive
scientific and technical potential is capable of launchin-
satellites and piloted space ships, flights to other planetss It
is sufficient to say, that all this requires high perfection of
control systems, radio-communication for hundreds of millions
of milometers, ncw systems of navigation, nroduction of mnterial
cabpavle of operating in a deep vacuum and to withstand rirantic
temperatures, creation of caleulating technigque for n mowst

precice ballictic cstimates and flijkt control of cosmie anparntusg.




e e

——

(13) !
|
I

Man, his searching mind, hies indestructible desire to
penetrate the mysteries of the Universe daringly, step=by-
step attacks the vast cosmic spaces. Let us recall the
inspired words of K. E. Tsiolkovsky, founder of the modern
astronautics: "Earth is the cradle of reason, but one cannot

live for ever in a cradle".

It may be said with assurance, that Man will uncover
many mysteries in the make up of the Universe. And all this
will be harnessed for the service to Man, progress and culture

of mankind.

The present volume includes communications of TASS,
editorials, articles . the most outstanding scientists. News-
paper headlines are slightly modified in accordsnce with
requirements of book publications. A portion of the articles
text and some figures were omitted duc to restricted volume
of the book; a number of photographs was given from the photochronic

of TASS,

G, A, sk‘lﬁiﬂ.
Dr. of Phys.-Math.-Sciences.
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I. BATELLITES OF SCIENTIFIC DESIGNATIONS

Communication of TASS rqgg;diqgﬁlannehiqg of the
artificial satellite:

For a number of years in the Seviet Union research
and experimental designing work is being carried out for
the construction of an artificial Earth satellites. As
informed in the press, the first launching of satellites in
the USSR was to be implemented in accordance with the
program of scientific investigations of the International

Geophysical Year.

As a result of intensive work of Research Institutes

and Designing Bureau the construction was completed of the

first in the world srtificial Earth satellite. The successful

launching of the first satellite was carried out in USSR on

the 4th October 1957. According to preliminary data, the
carrier-rocket has communicated to the satellite the required
orbital velocity of about 8000 metres per second. At present

the satellite is describing an elliptical trajectories around

the Barth, and ite fiight could be observed in the rays of

rising and setting Sun by means of the simplest optical instruments

(bineculars, telescopes, etc.),

According to calculations, which are being made rov more
precise by direct observations, the satellite will be moving at
an altitudes of about 900 km above the surface of the Barthg

the time of one full fevolution of the satellite will bes 1 hr. 35 min..

e o e et . gt
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angle of dip of the orbit to equatorial plame 65°. On Sth
October 1957 the satellite will pass twice over the area of
Moscow = 1,46 a.m. and 6.42 a.m. Moscov time. Communications
regarding subsequent movement of the first artificial satellite
launched in USSR on the Uth October, will be transmitted regularly

by radio broadcasting stations,

The satellite has the form of a sphere 58 cm in diameter
and 83.6 kg in weight. It is fitted with two radio-transmitters
continuously emitting radio-signals with frequency 20,005 and
40,002 megacycles (wave length about 15 and 7.5 metres respectively).
The power of transmitters provides for an assured reception of
signals by a wide circle of radio~amatéurs. The asignals are in the
form of telegraph messages lasting about 0.3 sec., with a pause
of the same duration. The sending of one frequency signal is

implemented during the pause of another frequency signal,

The scientific stations, located at various points of
the Soviet Union, continuously observe the satellite and
determine the elements of its trajectory. Since the density of
the rarefied upper layers of the atm@Sphere is not kmown exactly,
there is no data available at present for exact determinatiom
of the existence time of the satellite and the point of its
re-entry into dense layers of the atmosphere. Calculations have
shown, that due to extremely high velocity of the satellite it
will get burnt due to the dense layers of the atmosphere when it

will attain an altitude of a few scores of kilometres.
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In Russia as far back as the end of the XIX century the
possibility of coemic flights was firet scientifically based

due to the work of an outstanding scientist K.E, Tsiolkoveky.

The successful launching of the first Earth satellite,
created by man, is a great contribution to the international
science and culture. The scientific experiment at such a great
level hae an enormous value for comprehending the properties
of cosmic space and the study ¢f Earth as a planet of our Solar

System.

During the International Geophysical Year the Soviet Union
proposes to carry out launching of several more artificial
satellites of the Earth. These follewing satellites will be of
& larger overall dimensions and greater weight and will be used

for carrying out an extensive program of scientific investigations.

The artificial Earth satellites will pave the way to inter-
Planetary travel and may de, our contemporaries will witnese, how
the free and conscious labor of people in the new, socialist

society makes real the most audacious dreams of mankind.
“"Pravda", 5th October 1957,

SOVIET ARTIFICIAL EARTH SATELLITE:

4th October 1957 the wvhole world witnessed an outstanding
event - the successful launching in the Soviet Union of the
first artificial Earth aatellite,

Communication regarding the launching of the satellite was

received in every corner of the glebe, Ite transition was recorded

e s, bt




(1?)

by many observers in every Continent. The creation of the
satellite was the result of long persistent scientific ard design

work, in which a large numbers of Soviet scientists, engineers,

jndust-ial workers participated.

Theoretically the question regardirg the poasibility of
sending space ship beyond the atmosphere of the Earth was
resolved at the beginning of the twentieth century by an outstanding
Russian scientist, K. E. Tsiolkovekii, whe proved, that the
pneans for cosmic flight should be the rocket. K. E. Tsiolkevskii
has worked out a numﬁer of cardinal problems of the interplanetary
flight and pointed out, that creation of an artificial Earth

satellite will be the first and necesasary step.

The comstruction of the artificial Earth satellite required
resolution of a number of most complex and principally new
scientific and technical problems. The greatest difficulties
were encountered in the development of the carrier-rockets for
placing the satellite into orbit. Constructed for the launching
of satellite is a carrier rosket of high constructive perfection.
Powerful motors were comstructed, capable of operating in difficult
thermal conditions. Optimum conditions were worked out for the
rocket's motion, assuring its most effective use. To ensure the
preasent law of the rocket's movement, required for placing satellite

into orbit, a very precise and eoffective systen of automatic rocket

control has been developed.

Resolution of these, and also of many others most complex
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problems was found to be possible only as a result of using

the latest achievements of science and technology in the most
diversified spheres and prisarily due to the high tachuical
level of rooket-construction in USSR, The creation of artificial
Earth satellite in such a short time was assured by a high

level of Scientific and technical potential in our country,
precise and organized work of Research Ynstitutes, Design

Departments and Industrial Undertakings.

The launching of the satellite was preceeded also by
extensive experimental work, connected with comstruction and
production of individual units, as well as of the whole system

in one set.

The successful launching of the satellite fully confirmed
the correctness of the estimates and the basic techuical
decisicns, teken in the comstruction of the carrier rocket and

of the satellite.

The launching of the first satellite opens out an extensive
program of scientific investigations, which will be continued
during the International Geophysical Year on a number of the
subsequent artificial satellites, the coustruction of which
envisages greater dimensions and weight. The creation of a
satellite is the first step in the conquering of the interplanetary

space and realization of cosmic flights,

ne satellite has the shape of a aphere. It was placed
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in the front part of the carrier-rocket and cloced by a pratective

conc,s "he reclet with the natellite was started vertieally. A
little while after the start by means of vro-raming devic: the
rocket's axis beran to deviate gradually from the vertical
direction. At the end of the cection for placing into orbit
the rocket was at an altitude of several hundreds of kilometres
and was moving parallel to the earth surface at a velocity of
about 8000 m/sec. When the work of the rocket's motor vas
completed, the protective cone was thrown off, the satellite

separated from the rocket and begsn moving independently.

At present moving around the Earth is a satellite equipped
with devices, as well as the carrier-rocket and protective cone.
Since the separation speed of the cone from the satellite and
of satellite from the rocket is not very high, the carrier and
the cone were for sometime at a comparatively short distance
from the satellite, revolving around the Earth along the orbits,

pear to that of the satellite. Thereafter, due to the difference

in periods of revolution, resulting from the relative speed at the

instant of separation, as well as from the different degree of
braking in the atmosphere of the Earth, all the three bodies
diverged and in the process of further movement may happen to be
at one and the same time above entirely different pointe of the

earth's surface.

Satellite orbit:

The orbit of the satellite represents in the first

approximation an ellipse, one of the fool of which is in the
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center of the Earth. The altitude of the satellite's flight
above the surface of tho Earth does pot remain constant, but
changes periodically, attaining its peak - approximately

thousands of kilomstres. At present the perigee of the orbit
is in the northern hemisphere of the Farth, and the apogee -

in the southern hemisphere.

The orientation of the orbit's plane in relation to
stationary stars remains almost constant. Since the Earth
revolves around its own axie, then with each subsequent tura
the satellite should be above a different area, shifting during
one turn aporoximately 24° in longitude. The actual displacement
in longitude will be slightly greater, as due to deviation of
the graviational field from a central one, the plane of the
orbit will be gradually turaing eround the Zarth's axis in a
direction opposite to its rotation. This movement of the orbit's
plane is not very great and adds upto sbout a quarter of a degree
in longitude during one revolution. As a result of the relative
movement of the Earth and the orbit's plane each subsequent turn

will be more westerly than the preceeding at the latitude of

Mosoow by about 1500 km. In the equatorial region the displacement

is greater and will compose about 2500 km.

The plane of the orbit ie dipping toward the plane of the
earth's equator at 65°. In this connection the path of the
satellite passes above the areas of Earth, located approximately
betveen the Northern and Southern polar circles. Due to Earth's

rotation around the axis the angle of dip of the path to squator
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i dietinct from the dip of the orbvit's plane. Coming into the
northern hemisphere the path interesects the equator at an
angle of 71.5° in direction the north-east directicn. Then
the path gradually turns more eastward and, touching parallel,
corresponding %¢ 65°N. deviates southward and intersects the
equator in N-E direction at an angle of S9°. In the scuthern
hemisphere the path touches parallel, corresponding to 65° 5,
thereafter deviating northward and again passes intc the

northern hemisphere.

In time, due to the braking of satellite in the upper
layers of the Earth's atmosphere, the shape and the size of the
satellite's orbit will gradually change. Sinze at the high
altitude, where the satellite is moving, the density of
atmosphere is extremely low, the evolution of the erbit will be
very slow initially. The altitude of apogee will decrease
faster than that of perigee and the orbdit will progressively
approach circular, With the re-entry of the satellite into
denser layers of the atmosphere the braking will be very powerful.
The satellite will become red hot and will burn eimilar to
meteors, arriving from the interplanetary space and burning in

the Earth's atmosphere.

At present the density of the upper atmosphere is not known
exactly. Therefore to foreuaaf precisely the time remainiag for

the satellite in the orbit does not seem to be pounibie so far.
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Fig. 1 - Satellite's orbit.

Data available at present in regard to density of the upper
»tmosphere, and also the resulte of trajectory measurements
moke it possible to assert, that the satellite will keep on

moving around the Earth for quite some time.

The period of the satellite's revolution is at preseat
96 min. With the lowering of orbit the period will deorease.
The changing rate of period will be indication of the rate of
the change in the orbit's shape, Therefore the exact mossuring
of the satellite's revolution period is an extremely important

and responsible problem.
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The parameters of the orbit of the Soviet artificisl
satellite permit to observe it in all the continents ir a
wide range of latitudes. This opens out exteusive possibilities
for resolving various scientific problems. It may be vointed
out, that the launching of the satellite into this orbit is a
more difficult problem, then the launching into an orbit close
to equatorial plane. With the launching along the equator there _
is a poesibility of using to a greater extent the speed of the
Earth's rotation around the axis for the speeding up of the

rocket.,

Observations of the satellite's movement,

A very important component of investigationms, beiﬁg
conducted by means of the artificial Earth satellite, is the
ohservation of ite motion, processing of observations and !
forecasting from the resultes of processing further movement
of the satellite. Observation of the satellite is being conducted
by means of radio-technique, and also in observatories by means
of optical instruments. Besides the specialists with theix
means for observation a wide circle of radio-amateurs has been
attracted, as well as groups of amateur astronomists, which
conduct observations from astronomical platforms by means of
optical instruments specially made for this object. At present ]
observations of satellite in USSR ie being conducted regularly
by 66 stations of optical observations and ?6 clubs DOSAAF with a

great number of meanc for radio observations. Moreover, the satellite

is being observed individually by thousande of radio-amateurs.
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The geientific ctations conduct obs rvations by menns
o radio-locators nnd directinn finders. Also by eptical

nethods and photogrophin;: the movenent of the sntellite.

(%

Let us pouse on the nethods of observation by astronoucrs
ond radio amoteurs, since these nethods nye nvail-ble to &
vide circle inter-csted in the movement of the satellitee. The
astrencmists-amateurs have n large number of sneciclly mnde

astronomical telescones with perfeect opties ~nd » wide vision

"3

"ngle. The observotion stations clso hiave esuipment sets,
which permit to deternine tie position of the satellite in

the celestial sphere ot sny moment.

Tne aveilable anparatus, by meons of which the optical
station marks the position ¢f 1. sztellite in the celestial
sphere, permits to carry out me :surec:ents with accuracy upto
nne degree, and the roment, when this nosition was mrrked,
with an error cf not over one seecond, <he cpticnl storioen
observes the satellite in the mornin- or in the evenin:, when
the surfoce of the uorth is in derknecs, wierens the o tellite,

beiny at hich 2ltitude is lic-htens? upby +he Sune.
i b R

It sheuld be nentiencd, th 't sbservations of the setellite
by means of astrenonicnl instruments nre rothor diflicult snd
are not resemblin - ebservations ~f the usu~l agtrononical
objects, since the satellite in woving in the oky very fant,

with the speed on an avera e of nbnut one derree ner second.

Yo ensure reclizble oboervations e~ch onticol stntion

arrangec one or two "opiienl barrier" out of telesrencs,located
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Fige 2 - Hovement pattern of the satellite during
24 hrs.

in meridian and along the vertical circle, perpendicular to

the visible orbit of the satellite, Morcover, in the search

of the satellite the awn-licrtion is of the method, based on

the sc called "rule of the local time". <Lhis method uses

the fact, that the orbit of the satellite does not participate
in diurnal rotation of th. “arth, and the satellite itself

will pass through preset latitude at the local sidereal time,
gradnally changing with rotntion of the orbit in absolute

space around the earth axis due to deviation of the gravitational
field from %he central field, Because of this the satellite

in the process of its movement will pass for the given station
throurh cequence of voints in the celestial sphere, which conld

be denoted as noints of expoctation. If the axis of the optical
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inatrument is adjusted in a way, so that it will be directed at
the prevously estimated in the celestial sphere the next
expectation point, ther it is inevitablc thot sometime or other

the satellite will be discovered,

Obgervations of the satellite is being conducted by a
great nusker of radio-amateurs by means of radio-receivers
specially constructed for this murnosce Diagrams of these
receivesrs, as well as the diagrams of directica=-finding
attachwents were published in the Popular Science Racio-~Technical
journal "Radio" lon; before the launching of the satellite.
Information regarding the movement of the satellite, issued
to radio-amateurs, could be used not only for the study of
transition laws of radio-waves through the atmosphere, but
also, specially in the case if the¢ radio-amateur is using
direction-finding attachuient, for the rough elements determination

of the satellite's orbit.

Bven now a great ameunt of the satellite's observations
by radioc-amateurs is available. At a number of points the
passage of the satellite was recorded by amateur actronomistis.
At a number of points, unfortunately, the overczst gky did not

moke it possible until now to ccnduct optical obscrvationss

All date of scientific stations, end also radio and optical
observations by amateurs are collectzd #nd nro :sseds As a reault
the deterninntions, both of the ortit's elements and of their

secular departures, are made. “Lhe application in vprocossing
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is made of the latest electronic compute:rs., As n result of
processing the parameterc of the orbit are made more precise
and the forecasting of the satellite's movement 1is done,
lioreover, data received from the observation stations are used
for a number of geophysical investigations, conducted by wmeans
of the satellite, such as for instance, density determination
of the atmosphere from parameters evolution of the satellite's

orbite.

Specifications of the satellite;

As pointed out .. previously the satellite has the
shape of a sphere. Its diameter is 58 cm, weight = 83.6 kg.

“he air-tight body of the satellite is made from aluminium
nlloyse The surface is polished and specially treated, The
whole appoaratus of the satellite with power-packs of instruments

are arranged withbin the budy. Prior to launching the satellite

is filled with ritrogzen gas.

On the outer surface of the body are fitted antemna in
the form of rods 2,4 - 2.9 m in length., At the time of the
satellite's coming out the antenna rods are pressed to the
rocket body. After separation of the satellite the antenna.

turn on their hinges.

In moving along the orbit the satellite is periodienlly
subject to sharply variable heat effeects - heatin;; by dun raye
during its presence above the lihtendupside of the sarth,

eoolin. whiloe flyin;s in the shadow of the darth, theremnl effects

— e e gy
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of the atmosphere, etc. iorcover, a cerinin amount of heat is
exhousted in the sntellite from the workin: of inctrurments. In
respect to the heat the satellite is an independent celeotial
body, which hns hent exchange through radittion with the
surrounding space. ‘Therefore to assure for a lonr weriod

normal temperature conditions in the satellite, required for

the working of its instrunents, is 2 principally new and a
rather complex problem. Maintenance of the reauired temperature
conditions in the first satellite is provided by imparting to
its surface corresponding values of radiation and absorption 6f
solar radiation factors, and nlso by the control of hecat resistance
between the sheath of the satellite nnd the apparatus within

it through forced circulation of nitrogen within the satellite.

Two radio-transmitters are set up in tne satellite, which
continuously emit sisgnals with frequency 20,005 and 40,002
negacycles ( wave-length 15 and 7.5 n respectively). It should
be mentioned, that in the artificial satellite constrﬁcted in
USSR, due to its relatively high weight, it vas possible to sct
up radio-transmitters of hijh nowere This pernits to receive
sirznals from the satellite at very considerable distances nd
makes it possible for a large circle of radio-amateurs in all
parts of the world toswitch-on to thc satellite. The first 24 hrs
of observations of the satellite's flight confirmed the posgoibility
of asoured recention of its signals by ordin:ry amateur receiverc
at distances of several thousands of kiiometres. Individual
cases were fixed, when the sisnals of thr satellite were pecelved

at distances ipte 10,000 kme

— e oy
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Radio~-sinnals of the ontellite:

Radio~gignals emitted by radio-transmitters en cach
¢f the frequencies are in the form of telepraph neosages. Sending
of signal of one frequoncy is nroduced Curin: the signal pause
of another frequency. Duration of signals on each of the
frecuencies composes on an avepupe about 0.5 seconds. These
signals are used to observe the satellite's orbit, and also
for resolving a nu ber of scientific problems. Ior the recording
of processes, talking place in th~ satellite, sensitive element:
are set up on it, which change frequencies of the telegraph
sending and ratio between duration of sending and p2uses, when
there is change of some parameters on the satellite ( temperature
etce)e On recention of sirnals from the satellite they are

recorded for subsequent decoding and analysis,

It should be taken into account, that after some time
radio-transmitter will cease ovneratins. FYor instance, it
may happen, if a meteoric particle pierces the body of the
satellite or damases the antenna. lioreover, the satellite will

be observed by optical methods »nd by radio-locators.

Highly significant are the observations of the propagation
o; rdio=wav--g, radiated from the sntellites Until now basic
information resurding ipnosphere wns obtained by the study of
radio-wav. s, sont from the Barth and reflected by the ionocpheric

regions, lying below maximum ionization of ionospheric layers.

At present it is actunlily unknown, nt what altitude lies the

et ne s g
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upper boundary of ionosnherc, The launching of the sgatellite
makes it nogsible to obtain for quite sometime radio-cipnals
with two diffecren:. frequencies from regions of iomesphere,
hitherto inaccessible for long observnations, lying above

ionization peak, and may be, penerally above the ionosphere,

Level measuring of received radio-sipnals and refraction
angles of radio-waves with different frequencies enables to
obtain data regarding the attenuation of radio-waves in previously
uninvestigated regions of ionosphere und some information regarding

the structure of these regions.

The program of scientific measurements on the artificial
Larth satellites is very extensive and covers many sections of
vhysics of the upper layers ol atmosrhere and the study of cosmic

space close to the sarth.

These sections include the study of the condition of ionosphere,
its chenical structure, pressure nd density gaugsing, magnetic
measurenents, study of the neture of corpuscular radiation of the
Sun, primary composition and varintion of cosmic rays, ultraviolet
and Xeray regions of the solar asnectrumy, ond also electrostatic
fields of the upper layers of the ntiosphere and microparticlec.
bven the first satellite will provide information on a number

of these juestions,

In the sphere of cosmic rars study the nrorio envisares
obtainance of da'n on the relative quantity of various nuclei

in the commogsition of the primary cosmic rodintione In prrticul-r,




determination will be carried out of the relative quantity
of lithium, beryllium and born nuclei, and aluo ¥ henvy
nuclei. In thig reapect it will be possible to obtoin data,

unattainable for the hitherto applied investigation methodse.

The equipment, which is bein- fitted on the sntellitec,
enables also to study vzriations in the complete flux of cosmic
rays, investigation of which is hampercd bty the rreat thickness
of the atmosphere above the instruments, when these are set up
on the Earth, <{he obtained data will enable to define diurnal,
semi-diurnal and twents~-seven-day variations and to study their
connection with pehnomena on the “un., <he s~tellite enables

to carry out the indicated measurements throuchout the Globe,

Due to absorption by the atmosshere of the solar short-wave
radistion is still unknowm. The high altitudes, at which
the satellite is circulatin-, will enable by mea2ns of the
instruments, developed by our rhysicists, to study thc ultraviolet
and X=ray regions of the solar snectrum and to define variations

in radistion intensity. +his is important, since in accordance

4]

with the prcent day conceots the short-wave radiation of the

Sun causes ionization of the atmnr-here's uwne ' layers. ‘her-fore
these results will shed new 1i-ht orn. the formntion nrocecses

of ionoephere., dince the shortewave radi:tion of the oun is
cauged by the solar corona, dnta an this padioticn Will enable

to obizin new results on the structure of the solar corona.

Besides the shorteunve radicrtion of the $un an intense role




o ——-

(32)

in nrecossea, occurrin: in the u.per Ynyers of the ntaung here,
it olayed by corpuncular radintion of the Hune [lhereforc, it
is importnnt to decide the question resnirding the nnture of
corpuscular radiantion, its intenmity, energy spectrum of
porticles ejected by the Sun, and to elucidate the rnle of the
sun's corpuscular radiation in the formauiosn of the northern
lirhto., “hese quections will 2"so be pousible to resolve with

the help of eguinment, set up in the artificisl #Barth snteilites.

The ilipght of the satellite ~bove the ionized layers of the
atmosnherc ennbles to check a number of deductions, made on the
basis of oune er another hypothesis, regardin; cyclic curreanto
existing in the upper layers of the atmosphere. Artificinl

satellites will enable lno te etudy the quick variation of the

Barth's magnetic field.

There is & conciderable interest in studying at great
altitudes ( about 1000 km) of electrostaiic fields ond renselution
of the question ~g to wietior the garth wiih its atnos here is
chorged or a necutral avsten, 3ecsides the study of ionouphere
by indirect methods ju..: sbzervings the transition of radio-wives
the nrorran of investipastions on the g tellite envisapgec direet

gaurin;: of ionic cencentr tien 1t vorious 2ltitudes, and therenfter

nlso of the chenical composition of ionoanhern by rasc=spectiregetr)e

If the present enncerts nye true regarding the sboence nt hi h
altitudes of negative ionc, thege tests will provide full

information nbeout the compeogition of ionousvherc,
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Jithovt pnusing on all the scientific invegtigations,
vhich arc and will bo condueted in the artificial sgateli.ites
dirin~ the International Geophyciciel Yuar, ve wonld mention also
tae investisations of meteoric natter present in the upper layers
of the atmosphere. The delimination of the mnss spectrum and
velocities of microparticles, falling inio atmosphere from the

cosmic space has been earmarked.

Artificial satellite is the first step in the conquering
of cosmic space. ¥or transition to cosmic flights with man the
effect should be studied of the cosmic flight conditions on
live organisms. first these should be done on animalse ‘The
same as it was in altitude rockets a satellite will be launched
in the Soviet Union, carrying on board aninals as passengers, ~nd
detailed observations of their behavior and of the course of

physiolozical processes will be conducted.

It may be said with asgurance, tha: implementation of the
planned program of scientific investigations by means of the
artificial Barth satellites will revolutionize many problensof

physics, geophysics and astrophysics.

dith the successful launching of the artificial Larth satellite
the science and technoloy cre making a new jump ~heod, transferring
direcct investigation methods into cosmic space unattainable
till now and paving wide ways for the fut:re interrlenetary

travelling.

Wpravda', 9th October, 1957,

g
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TASS _COMMUNT (UE

REGARDING  TH5  LAUNCHIN. OF Tl tsooliD ARCIFICTAL LAl SATSLLI 2B

In accordance with the nrocram of the Ipternntional
Geophysical Year for ceicntific investigations of the atmospherds
upper layers, and also the study of physical processes and
conditions of life in cosmic space the launching was carried out

on the 3rd of Noverber in the Soviet Union of A second artificial

Earth satellite,

The second artificial satellite, cc.ustructed in the USSR, is
the last stage of the carrier-rocket with containers within it

of scientific instruments.

The following is contained on board of the second artificial

satellite:

- instruments for investigating solar radiation within
the ghort-wave ultraviolet and X-ray regions of the
spectrum;

- instrunents for the study of cosuic rayas

- instrunents for studying temperature and nressure;

- air-tight container with test nnimal (dos), air-
conditioning; system, food store nnd instruncnts for
studyins life activity in eonditions of ~o:inie gpaces

- meceuring instrunents for transmittine datn of ceientific

causing to the Enrthg
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- tyo rodio=tronemitters, onepntine on froauenci o
b3 4,002 fnd 20,005 wnraeyelos (unve=lengsih rhout
75 and 15 metres roncctively);

- tho required vower paclts,

Potal weight of nl) fthe acparatus, tes: anipnl ~no aower

packs adds unto S00.3 ki,

According to observ:tions the sniellite received orbital

velocity of about &000 m/uec..

according fo estimnt s, wiich are bein;; made nore precise
by direect obsgervati. ni, : ximum distance of satellite from the
Zarth surfaze is over 1500 kilometres; the time of one complete
revolution is about 1 hr, 42 minutes; the dip or orbit to

. . o
equator plane is apnroximately 65,

Accordinsg to meusurenents datn, bein - received from board

of satellite, functioneing seientific instruments nnd cheecking

)

of the life-activity of animal is auite normale.

Above the area of loscow the gecond artificial sotellite
has pasged twice = ~t 7 hrse 20 uinutes and at 9 hrs 05 ninuteo

floscow time,.

Sisnnls of the satellite's rndioc=-transmittor on frenquency
204005 mogucycles nro in the {fors ol teloprach semiing with
Juration of about 0.3 seeonds with snuge of the snme durntien,
Radio=-trangmitter on frequ n-y 404002 negncyeles operstes in

conditions of continuous emniscion.
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By the oucceuaful lannetin . of “he geeomi nrtificisl
nopta gatelidito vith diyerar geientilie Luntvinientn rnd tept
minnl the Yoviet gelentiotc ore cxsaucin , invecticootionn

o>

of the eouzmic space “nd usper loyo u of the atuon hore, ho
uninoun processes of the nature's shenomens, oaccurins in the

cosumie spnee, will become now more attninnble to the non,

Collectives of Research Institute, Jegirn deraptients,
testers mnd industrial plants, vho censtructed the second

artificisl sarth satellite, dedicote its launching to the 4Oth

anniversary of the Great October Revoluticn.

"Pravada', Lth Hovember 1957,

THE S$3JCND SOVIsS! ARTIFICIAL BadTi SATILLITE

45 communicataed in the press, in accordance with the plonn

of scientific worlit, conducted in ~ccordance with the oro;ron

of International Geophysical Yeur, th~ Soviat Union hns launched
on the 3rd of Wovember 1957 the second artificial sarth satelliteo,
Tiis is nnother outstanding success nf the SJoviet science. The
in‘ensive and fruitful vork of the large collectives of scientiscts,
encineers, technicians and labourers has made it nossible to
congtruct and nlnce in*%r orbit o gatellite, the efficient wei ht

of whieh adde upto S085 kilo-rrams 300 srins, uwrich in 6 times

fomed

[l

tlheo weli Wt of the first snteilite, Mforcover the seceond ontellito

was vlaced into orbit considerahly wmore distant frowm the surface

i
|

of the Znrth, thon that of the first sntellite,




Jhe second avtificisl oreollibo 3o cond o ped with varloun
peientilie iustrumcents, wiiech wonld apuido Lo enprry out nn
exbtenaive arefean of duvegti,tlond. dhora @ ro ingtraentn {op
the otudy of eoonde payn, investipgition o0 ultrrviolot oy

R=rny natter of aodoe podiction, o niveti~ht eobin with o
boct aninal (ae:d, madle=tel uctrie na araban Pop troanoniccion

to warth of the nesunring reouliu, wdisetraamiittors oo well

g the riquired nower sourcos,

The satellite's orbit nnd its evolutiont

The placin.' of the sreond satellite in'o orbit was done
by means of a compound rocket. In the nroceus of nlace..ent into
orbit the rocket rised to nn nltitude of several hundreds of km
from the darth;s surface; nt the ond ot the plasement section
its last stage was movin: pirallel to the idnrth's surface at
velocity of over 8000 m/sece, h>vin~ converted into the u-rin's
satellite, At the wmoment of exit inte ovbit the el sum-ly
in the tanke of the r~cliet wags exhausted, ond the uotor uae
switched=off, Iurther moveunent of the sntellite con'inucd
due to kinetic ener;y, acquired in the spcedins=un of the

rocket at the wveint of nlecoricat,

Velocity coumunicoted te the lest stare of the rocket wags
areateor thay the velositrreguired Yev the aovine o) tiue sateliite
“lon,: the c¢irculhr orhit ot constant altitude, correcponding to
the noint ol exit inte orbit.e Uherefore th  gnliolile i noving

pot alon: the circuln» orhit, but lon; tie ellip=tizl, the

i
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furthest distonce of which from the sarth is nbout 1700 km,
vhich is almost double ‘the nnximun nltitude, attained with

the launching c¢f the first satellite, Since the dimencions

of the major seni-axis of the cccond satellite orbit awre grenter,
than of the first satellite, the periou of its revolution nround
the sarth was also greater and wis at the start of the movement

103.7 minutes.

Due to the increased period of r:volution the second
sat:llite completes about 14 compnlete revolutions around the
Zarth in 24 hrs., whereas the first satellite comole‘ed
during the initial period of wovement about 15 revolutions.

The shiftin:; of each next turn in longitude due to diurnal
variation in the Barth's rotation is 1/15 greater for the second
satellite than for the first. fThe distance on the Earth's
surface between the two adjueent turns has increased to the

sane extent.

Resistance of the uarth's atmosnhere causes braking of th..
satellites Itsc orbit with this ciannes its dimension and shape
Due to the fact, that the atmosphere at hi~h altitudes is
extremely rarefied the retardin - force ~cting on the satellite
iz not hirn. “herefore, the chonge in the orbit's parameters is
very gradusle Since th: density of the at..opshere quickly
decreased with altitude, the retardation is n2inly in the repion
of perigee, i.e. in the region, adjacent to the point of the

lenst distance from the iEarth's surfrce, At the point, of aporee,
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isee ot the point of the w ximum distancec, the patellite is

movin; at an altitude, which places it in cosmic gpnce, outgide
the limita of earth atmognhere, which according to theoretical
data extends to an altitude of sbout 1000 km above the Barth's

surface,

The retardin: of the satellite depends not only on thz
dengity of atmospherc, but also on the shave of the satellite and
on the ratio of its weight to cross-sectional area ( the so
called cross-sectional load). With high cross-sectional load

the loss in velocity will be lesse.

Two satellites, placed initially into the same orbit, but
with a different retarding force, will be moving after some time
differently, as their orbits will vary at different rate. In
this case the reduction in dimensions of orbit will occur mainly

due to decreasin; height of apogee,

The first satellite and its carrier-rocket were moving
initially approximately along the sanmc orbit, the period of their
revolution differed ne:ligibly nnd composed about 96,2 min. at
present, due to the fact, that the extent of the first zatellite's
retardin- is less, than of the carrier-rocket, their orbits differ
considerably. The apogee of tho carrier-rocket is lower than that
of the satellite by more than 100 km. <‘he revolution n»eriod 6f
the currier-rocket, accnrdin; tn the da:o of the 10th liovember,
wag less than the revolution poriod of the first sntellite by

about 7% Beconds.

5,
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‘he retarding force both of the eavrrier-rocket

nnd of satel'ile ic time-de-cndent due te th- chonging
parameters or the orbit. With decline of the orbit the
retardation progressively increunses. This foct ic clearly
confirimed by the recults of the observations. Jith the drop
of the orbit to altitudes of about 100 kn the retardation will
be so considerable, that there will occur intensive heating

of the satellite and carrier-rocke:, their further fast drop

and burninge.

fhe existence time of the satellite devends on its retarding
force in the atmos~here. Obviously, the gr-ater is the period
of revolution and the lower is the retarding force, the longer
will be the existence time of the satellite. Calculations,
carried out on basis of data, obtained from the observations
of the first satellite and carrier-rocket, make it posnihle to
agsume, that the time of the satellite's existence should be

about three months, counting from the moment o. launching. This

meang, that the first satellite will exist in the orbit, apparently,

till the end £ 1957. The existence time of the carrier-rocket
is less than that of the first satellites “herefore it should be
expected, tha® the carrier-rocket will get burnt before the
satellite. Iii,her revolution period of the second satellite

and lower retardation forece thin of the first, permits to

assert, thnt the orbital time of the cecond satellite will

considerably exceed that cf the firet satellite.
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Procesping of trajectory measuring results will enable
to fix the centire evolution procesc of the orbital parameters
and to obtain important information rogardin;; deneity distribution
in the upper layers of atmosphere. In future it will be possible
to issue reliable forecasting on the existence time of the

artificial Earth satellites,

Observations of the artificial Barth satellites:

In optical observations of the motion of the two first
satellites and the carrier-rocket there is a regular participation
of 66 special stations of optical observation, every astronomical
observatory of the Soviet Unioningout 30 foreign observatories.
At present a network is beings orwanised of ontical stations
in countries of People's Democracies. The number of foreign
astronomical observatories, participating in regular observation
of the artificial satellites increased day-by-day., dihe intense
luminosity of the carrier-rocket and of the second satellite

enabled to draw-in to visual observations nlso the aerological

points of the Hydrometeoservices, which have snhere-piloting

theodolites,

4s a result oi optical observations it was clarified, that
the carrier-rocket chunges its luminosity. This is due to the
change in its orientation in snace. The shortest visually recorded

veriod of the chane in luminosity comnogee cbout 20 seconds,

Besides the vioual there are niso photographic observations

of he carrier-rocket and of the cecond satollite. Photographs,
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obtained in lulkovskii observatory, in the observatory of the
Astrophyeical Institute of the Acadeny of Sciencer of Kazakhskii
SSR, in observatory of Kh;rkov State University and other
astroncmical Departments of the Sovet Union, ae well as

the protographs made in observatory "Purple Hill" (Chinese
People's Republic), Edinburgh observatory (Great Britain),

Dansink observatory (Eire), Potsdam observatory (GDR), etc.,
enabled to make considerably more precise the orbits of satellites

and carrier-rocket.

A very extensive material is being provided by the radio-
observations of the artificial Earth satellites. These observations
were conducted st points, located in different geographical
latitudes and longitudes, direction~finder stations, DOSAAF ¢lubs,

@ number of universities and thousands of radio-amateurs. The
obtained material is so extensive, that st present it is only

tentatively processed,

Measurement of the field intensity of radio-signals,
received from the satellite, are highly significant. These measurements
were implemented by continuous automatic recording, as well as by
individual measurements at fixed times. The results enable to
evaluate the absorption of radio-waves in ionosphere, including
those of its regions, which lie above pesk ionization of the main
ionospheric layer FZ' and are therefore unattsinable to the usual

measurements, conducted from the surfsce of the Earth. These
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measurements permit to judge also of the porsible propagation

pathe of the radio-waves in ionosphere.

Results of the radio-signals from satellaite and the
measuring of their level show, that these signals on 15-meter
wave were received at very great distances, far in excese of
direct visibility distance. These distances reach 10, 12 and

éven 15 thousand kilometres, and in some cases even more.

Of special interest is the fact, that the satellite,moving
along the elliptical orbit, takes up different position in relation
to the main peak of electronic concentration in the Earth's atmosrhere.
In processing of radio material it was taken into account, whether
the satellite at a given moment is higher or lovwer than the
true altitude of the maximum electronic concentration of layer Fz,
obtained on basis of high-frequency characteristics of ionosphere,
recorded by ionospheric stations. If in the Southern hemisphere
the satellite moves above the ionosphere, then in the Ngrthern
hemisphere it is at some moments above the maximum ionization
of thie layer, at other moment - below it, and at some moments
abcve the maximum ionization of this layer, at other moments -
below it, and at some moments - in the vicinity of this maximum.
These conditions create high divergence in the propapation pathe
of short radio-waves to considerable distances, One of these
pathe is the reflection from the Earth surface of radio-waves,
transmitted downward through the whole thickness of ionosphers,

with subsequent eingle reflection from ijonosphere in those of ite

regions, where the critiocd frequercies are quite high. In other
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enges radio=waves, incident fron nbove nt sone angle on to
ionosphere, nre considerably refracted within it nnd penetrate
15 2 result into the region, lying beyond the limits of the

direct geometrical visibility,

The position of th~ satellite in th vicinity of the
maximum ionization region of the atnosnhere builds-up
snecinlly suitable conditions for the propagation of radig-waves
throu~h ionospheric wave-uides. In some cases, as showm by
the observations, radio-waves arrived at the poin® of reception
not by the shortest distance, but around the 3lobe nlong the
narjor arc of the great circle, Observed in some cases was the
vhenomenon of around-the-world echo of radio-signzlse In sone
cnges the measured values of the field intensity were found to
be higher than the calculated by inverse-square law, which also

indicates the presencce oi wave=guide in ionosphere,

Intercsting results were obtained from observation of
the Dopnler's effect by recordin~ on magnetic tape the changes
in the beat between the frequ-ncy of rodio-wnves, emitted by
the satellite, and oscillations frecuency of local heterodyne.
A preat amount of tucse recordins was obtained and “heir

resulta are beins nrocessed,

Undoubtcedly, Tin~l procensing of the r dio-obuervation
material of the artificisl Jorth satellite will oy ovidde ev2luable

datn recordin e the ionisntion o0 Lhe anper regcious of ionesphere,

and 1lse recardins the abgoration ne the antnre ol provagatica of

rrdjioeutves with in then.
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The areranpge . ent of the ageocond ogntellites

as pointed out rbove, the second doviet artifie’ 1 wirth
snteliite, in distiaction ror. the firgt catellite, is the
last asta-ec of the rochiet, orran ©d in which is th~ whole of the
scientific nnd messurin. insiriientse  This urran-ocuent of the
anparntus has av-recinably sinnlified the -woblen of determining
the coordinates of the sntellite by menns of the optical
observation, since, as shown by the experience of the firs
satellite, observations of the carrier-rocket were much simpler,
than of the satellite itself, Luminosity of the carrier-rocict
exceeds that of the first satellite by ceveral stellar ungnitudess
‘he total weipsht of the noparatus, undor-test anisal and power

sources on the second satellite adds ur to 508 Lk 300 4.

In the front »-rt of the lnst stage rocitet, fitted on o
specinl frawme ig the device for investipating radiation of &
Sun and the ultraviolet ond X-ray regions of spectrum, szherical

container with radioe=transmitters and other instruuents,

harmetically-senled cnbin with the undepr-test animrl - doje The

Al

apparatns for studying cosmic rays is located on the rockei!
bodye The instruucn-s fitted on the frome nnd in eontainer nre

protected from aerodynnaic and thermal effects takine wnlace in

#  flight of the rocket throush the dense layerc ef the ntriosphere,

by a specisl nrotective conoe After the 2ost store of the rocliet

was plnced into orbit, the protective cone was throun-off,

Rodio=transuitters in the spherical contniner operated on

[
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frequoncies 40,002 and 204005 merncyclece Thelr power
sources, thermoresulating cystem nnd the censitive elemento,
whieh record variation of teuperature md other paraneters,
are also arranged in the same contniner, The spherical
contniner is similor in ito construction to the first Soviet

artificial Barth satellite.

The signals of radio-transmitter, which onerated on frequency
20,005 negacvcles ( wave-length 15 metres), were in the form
of telegraph sendings. Their duration, just as the pause between
them composed on an avarage about 0.3 sesonds, With the change
of some parameters in the container ( temperature, pressure)
duration of sendings and pauses bstween then varied in definite

limits.

Radio-transnitter on frejuency 0,002 mesacycles { wave-
“enzth 7.5 m) operated in conditions of continuous emission.
Settin; up of two radio-transuititers on the pointed out frequencies
assured carrying out of investigations on the propagition of
rodio-vaves, emitted from the sntellite, and narameters meaguring
of its orbit., MNoreover, this ~ssured reception of sirnales from
the snatellite in any stnte of the ionosnhere. The seclection of
the wave=lensths and the sufficicnt vower of the rodio=tronsmiliers
enabled a very wide eircle of radioc-nnnteurs to emduct radio=
observat.ons of the snteliite side=by=cide with the aaocinl

gationsa.

fhe hermeticn! yennaled cobin uyith the do lns o cylindriec~l




47)

shay2. In order to cronte conditions, re nired for the nermal
existence of the animal, it contnined a store of Toad rmd
nir-conditionin, cysteu, consisting of rescneration unit nnd
thermore-ulnting systeme loreover, the cnbin contninea
instruments for recording of pulse, regnir tion, blood oreasura
electro-cardiozraph, and Also sensitive elements for souging

nunber of narameters, characterizing conditions in the calin

(temperature, precsure).

The aninal's cabin, same as the spherieal container, is
nnde from alumindum 2lloys. Their surface is polished and
specially trent~d Lc inpert the required values of luminosity
and absorption factor of solar radiation. “re heat rerulating
systens, fitted in the spherical container 2nd in the animal's
cabin, wmaintained temperature within the preset limits, removing

neat to the sheath by the forced circulation of gase

Besides the mentioned imstruments, set up on the body of
the rocket's last staje were the rodiotelemetric apparatus,
temperature paugin; apparatug, nover Sources for oceientific and
pausin; apparatus. Teuperature of the outer surfrce nnd inside
the snimnl's cabin, as well ns the tenperature of individu~l
instruments and construction detnils wags detorinined by nennc of
temperature puupgcu, set up on thewe che ridiotelemetric apparatus
tranemitted to the sarth all the weasuring datn, abtained on

the saotellitee It wap owitched on for trononiccion of dnto

pericdicnlly esccopdin to o gnecinl aroiroiie
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'i5e 3 = Dis-ran of the annaratus arranze:cnte

1 - protective cone, throun off nfter the sntellite iu
placed into orbit;

2= device for investipgatin ultraviolet nnd Xeray
radiation of the Sunjg

3- sphericnl container with instruments and radio-
transmitters;

e force fraue for attachment of annuratus;

5= Thermetically-sealed cabin with the animnl.

The prozranm of scientific investigations, connceted
wvith measureniocnts on the second artificial satellite, wns
estimated for seven days. At nresent tlie nropran has heen
implerented, Radio=transmitters of the satellite, =5 well
as the radio-telemetric instruients on borrd have ceasged
their operatione Further observationsc of the aecond artificinl
marth satellite for the study of the chnracteristics of the
atmosvhere's upper loyers ond forechastine of the sntellite's

novenent are being conducted by menns of eniicnl neans =wnd

direction iinderse.
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Scientific menourenents in the wptificind darth seiellites

Jhe artificinl wsarth gatellite huo enabled the neienticto
to implement for the first time o nunber of testo in the unper

layers of ionosphers, which was wreviously imnoscible,

shortewave radintion of the Sun:

Of paramount interest both scientific and practical to
physicists, astrophysicists and peopysicists is the investigation
of shortewave ultraviolet radintion of the Sun. as shown by

.
investigations of the recent years, the Sun, besides the visible
licht, emits radiation, extendin~ into widz-rance of wavelength,
starting from X-rays with wavelen:;th of nbout hundred-millionth

of a centimeter and endin; by radio-waves of sever:l neters in

lenrth.

Buission of the short-uave end of tie solar spectrum
(distant ultraviolet ~nd A-ray radiation), and slgo rndio-emission
i= bound with physic..l nrocesses, which talie »lace in little-
known external layersc of the solar atmosrhere (chromosrhere ond
corona), and have a nost critical effect on the atiicsuhiere of
sarthe The main study of the sun's chronosrhere is concentrated
in the spectral line of hydrogen with wave lenssth 14215 Anpotron
(1 Angstrom 4 hundred miliionth part of cn), located in the

distant ultraviolet region of the gpectrum, 5nd the radiction of

asoronz - in the rerion of coft A-ray (3-100 An.strow). Jhe coronn,

which is composed of very rarefied wittter, has teuperature of almost
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onn nillion de ;renn, worcover i:, npparently hoo veions
with even hirher teaperaturc, <Lhe naiape of copons grill rennine

to a concidera’le axtent nyoteriout.

Jhe total eneryy of th- shortewnve prdiotion nf the dun

ig commaratively low - it i3 tens of thounuds tines leos than
the encr.y, radiated by the Jun in the vicible 1iche, however,

it is precicely tlic rudintion, wiich hng an extremoly hish
effect on the sarth's atmosphere, It iu ex-l-ined by the fret,
that shortewave radiation has extremely hi n activity and io
capable of ionizing air molecules, causinsg formation of ionosphers -
hiciily ionized upner layers of atiios heres According to existing
concents, the bottom lryer of ionosrherc, which lics nt on
nltitude of 70-00 km( D layer), is Torred by the ionin-tion of
2ir molecules by the radiation of the hydrogen snectral line,
emitted by the chromosphere, =nd the next layer - at an altitude

20-100 mm (L layer ) - by the Xeray r-dintion of coronn,

The state of the urne~ layers of the Sun and ionosnhere
does not remain congiont -« it continuoucly chrurece Whe presence
of a eclose relationchin betucon thh activity of the Sun - nrmenrance

of the so called chrouwosvheric flares and 2bgorrtion of radio-

waveg in ionosphere, rosnltin  in intercention of rodicecon unications

..

is contiruede Shin Porces to aasgume the exist nee of dircet
relationshica ol intenssi voriations nf the shortaurve »odintion

of the sun vith procrsses in ichonrvhere,
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the rodir tion on the uwnrth, he ~Lcorption by cir wolreculeg
is se peat thnt for the obesrvation of this tliort-wnve pradintion
it is aeeegerry to bhe comnletel . Teyond the limivc of the uarptli'sn
atuosphere, by o»loein 2o ingipre ents into the nptilicic
2o0rth sttellite, Althou h o ibhe o lie tion of bi he1fibuue rocets
nraduced valueble roseles, it i only the v o the o kellite

o

which wakes 1l roosinle Lo conduct syotewmatic nensarencnts for

lony veriods of roaquired for the siudy o v oeic tions in

the intensity of %2 short=unve ultraviole: radi tione

Andiaction receivars ~ry~ tic theee gaecinl hotonlecirie
multinliers, ovranced ot wn wrcle o 120 de rees to ercell olher,
wvery vhotommltinli-» iv su-scssively covercd by wovepnl filters
o7 tirin netallic tmd o wnice flun, sl 2leo nf snecisl opticnd
mrterial, which ennbles to sertrnte various bands in the Xepnwy
spectrun of the vun nnd the line f hydr:en in the Jdigtinat
ultraviolet regions ulectric simnm~lg, emitted by chotermuliinlicr
directed nt the Sun, were wnlificd by radicecirenits »nd

(Y

trongnitted to the Sqrth by vesns o the telenelric syoteout.

ime to the fuct vty the gatellite coptinuously ehonped its

oricntaticn in relstion to the Ouan and o pertion coif tine phosed
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stations, on the study of ionosphere and on reception of the
colar radio-emicsion, Comparicon of nll these obarrvations
will enable to draw the first conclusions repording the
connection of ultraviolet nn: X-ray radintions of the sSun
with processes, taking place in chromosphere and corona of
the 3un, 2nd the state of the Harth's ionosphere, These data

will serve as basis for subsequent regular observations,

Study of cosmic rayss

Jithin the outer space atomic nuclei of various elements
accelerate and acquire very high energy. The cosmic rays
generated in this way nake it possible to investigate the cosmic
space at great distunces from the Larth and even from the Solar
System. On the way from the point of generation to barth the
cosmic rays arc cffected by the medivin, through which they pass,
As a result of a whole series of processes the composition and
intensity of this radiation changes. In particulor, the number
¢f particles cosmic rays increase, when there are hish intensity
flares on the Sun and the conditions are created for acceleration
of atomic nuclei upto hi h energiesa. Thus there is an ndditionzl

flux of cosuic rays, generanted on the Sun.

The Bum ic nluo » source of corpuscular radintions The flux

of corpusculsr radiction hngo hirh-intensity moonetic ond electric
fields, which affrel the cosmic ruyse Uy mer:o. of cognic rays

it is eorsible to investisrte thic flux at jreat distances

from 1 DI rthe

[T
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The cosmic rays purticles devinte to a ;rent oxtent,

when passing throu-h marnetic f.eold of the 4erthe Unly particles

of very hi h ener’y ¢on renca uninveded 2t any are” of our

w1l nete Whe lower isn the enepgr of anrticlen, the lens are

the dimensions of those resiens en the Sapth attninnble to
these narticles. Particles of lou encrsy rench only the Arctic
and Antarctic areas. <huc, the sarth is susrounded by eneryy
barrier. lloreover, the altitude ol %this barrier, hirhest in
the equator, decreases witk the rise of geomaznetic 1atitude,
The squatorinsl areas coulad be reached only by cosnic protons
with enersy sreat .r thon 14 bit:ion as clectronvoltse Southern
areas of the Soviet Union are accessible for particles with
enerpgy above 7 billion electronvoltss #innlly, ioscow area

may be reached by every asartiele with enerpr above 15 billion
electric voltse. ileasuring of ¢osmic rarys at various latitudes
mrkes it possible to deternine 25 to how many particles and

of whot enersy exnctly are present in the composition of cosmic
rayss Dependence of the number of cosmic rays particles on
latitude, the so called latitudinal effect, determines the

distribution of nnrticles nccordin:: to enercys iece the enerpy

gpectrun of cosmic rayce

ag a result of a seriec of processes, which take place
in tt= outer cance with eosnic rays, the nunber ond comnosition

of particleos chiniCe In some cnces, as, for instance, with

e ot s g nm 2=

generation of particles on the Sun, t cre nre rrouds for exnncting,
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that the increment is only of the number of wnarticles with
lov energy, vwhereas the number of higheenergy particles
rei::in unchangedes In contrast variation of the Earth's
magnetic field and effect on cosmic rays of corpusculrr flux,
emitted by the Sun, changes not only the number of low-enerpgy

particles, but even the number of high-energy particlesa.

In order to elucidate the nature of variations occurring
in cosmic rays, requires fixing not only the fact of increasing
or decreasing intensity of cosmic rays, but also determining
in what way the number of particles with different energy has
changed. Hoving at velocity of 8 km/sec, the satellite within
a very short period passes from one longitude to another. Thus
by means of measuring cosmic rays from satellite it is possible
to determine the latitudinal effect of this radiation and
thereby distribution of this radiation particles according to
energiese Specially sipnificant is the fact that these measurements
are carried out many timese. Therefore, by means of the satellite

it is possible to follow not only the intensity chanr~e of

cosmic radiation, but also the chanres in its composition.

Particles, included in the composition of cosmic rays, are
recorded in the satellite by means of Geiger Muler counters. ‘VWhen
the electrically charijed particle passes throush the counter there
is a spark, producings impulse on the radio=technicnal circuit

on scmiconductor triodes, nieant for counting the nunber of coasnic

s e
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Fige 5 « Apparatus for the study of cosmic rays.

ray particles and to give a signal when a particular number

of particles has been counted. After the transmission by radio

signals, the ﬁarticles of cosmic rays are again recorded and

after the same number has been counted a new signal is produced,
Br dividing the number of recorded particles by the time, during

which they were counted, it is possible to obtain the number of

particles, passing through the counter per second, or the

intensity of the cosmic rays.

Two similar devices are set up in the satellite for the
recording of charged particles. The counter axes of botnh the
devices are arranged in the direction perpendicular to each

other.

Tentative processing of data on coemic rays, transmitted
from the satellite, has shown, that both the devices were
functioning normally. The relation between the number of cosmic

ray particles and geomagnetic latitude was clearly defined.
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Processing of a great number of measurements of the primary
cosmic particles energy spectrum makes it possible to investigate
time-variations of this spectrum and to compare it with those
processes, which occurred during this time in the outer space

surrounding us.

Study of the biological manifestations in conditions

of space flight:

In order to study of medico-biological questions the
satellite contained a special hermetically-sealed cabin with a
dog named "Laika'", measuring apparatus for investigating
physiological functions of the animal, as well as equipment for
air regeneration, feeding of the animal and elimination of ite
life-motivity products. In the construction of equipment the !
requirements were taken into account of the strictest econocmy
of volume and weight of the instruments at minimum consumption
of electric pow:re

Long-period functioning of the apparatus ensures recording
by means of radio-telgmeyric systems of pulee frequency and
respiration of animal, its arterial blood pressure and biopotentials

of heart,temperature, air pressure in the cabin, etc.

For air regeneration in the cabin and maintenance of the |
required gas composition the application was made of highly-active

chemical compounds, giving off oxygen, required for the animal's

breathinz, and absorbin: carbon dioxide and excess of water vapors.
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The quantity of substance in chemienl ronctions wag eontrolled
antomnticallye Due to non-couvection of ajr in weirlitlessness
conditions, forced ventilation Syetefi was made in the cahin of
the animale HMaintenance of temperature in the cabin wighin
certain limits was made of by thermererulating systeme To ensure

that the animal gets food and water durin;: the fli~sht an

arranrenent was made for the feeding of animal.

Prior to being send-off in the satellite the dog Laika
was traineds. The animal was sraudally bein; accustomed to lonr
confinement in hermetically-sealed cabin of small size in
special cloths, to transducers, atinched to various sections of
body for recording nihysiolorical functions, etc. I[he dor was
accustoned to the effect of overloa.inge Detormination on
laboratory test-bed was made of the aninal's stobility to
vibration and some other factors. A8 2 result of »rolon-ed
trai. 7 the animal for several weeis calmly submitted to being
placed into nermetically=cenled cabin, which nrovided the

possibility of conductin~ the required scientific investi atio

o]

Study of the biolorical phenomena durins the fli:ht of a
live organism in cosmic space becaume poscible due to preliminary
extencive investirations on aninals durin;; churteperiod fliyrhtas
in rockets upto 100-200 km, which were k.in- condunted in Uuai

during a number of yeurse

In contrrst tn previous investisaticns the f1ib* of tie
aniucl  in the satellite ona’.led bo ctud s the nrolonced eoflect
of wei, .tlessnesne Gtill the effect of velrshtlesosness courd be

*
studied in neroplones durin - & few geeowin and in the vertiend
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launching of the rockets for a few minutes. The flight in
the satellite permits to investigate the state of the animal's
organism in conditions of weightlessness, continuing for

several days.

Experimental data, obtzined in the program implementation
of medicu-biological investigations, are being at present carefully
studied in detail. Even now it is possible to say, that the animal
under the test have wall endured the prolonged effect of accelerations
during the placing of satellite into orbit and the subsequent
state of weightlessness, continued for several days. The obtained
data, show, that condition of animal remained satisfactory throughout

the test.

Fige 6 - I'he dog Laika in hermetically-sealed cabin
prior to it Leing set in the satellite.

e e
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There is no doubt, that tre carried out investigations
will contribute considerably to a successful mastering of the
forthcoming interplanetary flights and will serve as a basis

for the development for a safe flight of man in cosmic space.

The launching in the Soviet Union of the first two
artificial Earth satellites is a substantial contribution te
the study of the upper layers of the atmos-here and extends
the boundaries of the Man's comprehension of the Universe
surrounding him. At the same time it pioves the high scientific
and technical level of our country and permits to foresee
the time, when the whole of the circumsolar space will be

accessible to direct investigation by Man.
"Pravda’, 15th November 1957.

SOVIET ARTIFICIAL EARTH SATELLITES

Some results of scientific investigations in the two
first Soviet artificial Earth satellites:

On the 4th of October 1957 for the first time in the
history of mankind a grandiose scientific experiment has been
accomplished - launching of the artificial Earth satellite
firet in the worlde An artificial cosmic body was constructed

for the first time by the labor and the creative genius of the

Soviet people. On 3rd No#ember 1957 the second Soviet artificial

Earth satellite vas launched. Both the satellites were

equipped by various scientific apparatus.
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The guccesaful launching of the first artifieinl Sarth
sntellites sipnifics the beginning of the man's penetration
into cosmic spaces The artificial sateliite onen out the
widest prospects for accomplishment of a whole series of the
most important scientific investiationse. he study of
ionosphere and mechanism of its formation, the effect of the solar
radiation and of cosmic rays on Hartihi atmosphere, study of density,
temperature, magnetic and electrostatic fields at high altitudes,

etc. are of immense scientific and practical interest.

The resolution of these problems requires setting up of
direct tests at altitudes hundreds and thousands of kilometers
from the surface of our p~:1cte The possibility for accomplishment
of these experiments has apneared with the erention of ortificial
satellites, which permit to conduct the required scientific
determinations at hiph altitudes above various regions of the

3lobe for prolon-ed periodse.

Although the significnnce of artificial satellites for
scientific investigations was Lnown lon ago, the lrunchins of
the satellits until recently was an unsoluvle problen. Jhe
main difficulty was construction :f a roclket, ca.ahle of

communicatin:; to the satellite cosmic velocity o mbout 3000 m/sec.

Ouly after the construction in the Jsoviet Unioa of an
intercontinental bhallictic rocket it wus possible to : :counrlich
the launchin: of an nrtificial Earth satellitee The axcellent

constructive qualities of this rochiet have mode it noncinle to

o e i gy an s
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place into orbit the satellites with heavy weight of the
gcientific apparatus. The weight of the first Soviet satellite
was 83,6 kg, and the scientific and measuring instruments with
power packs on the second Soviet sa’'ellite had weight of

508.3 kg.

The launching of the artificial Barth satellites with
such heavy instruments permits to accomplish a whole set of
scientific investigations, simultaneous implementation of which
enhances their scientific value. Only in the development of
large artificial satellites it will be possible to resolve
the problem of designing continuously functioning cosmic laboratories

and fulfilment of interplanetary flights.

Scientific problems, whkich were faced in the launching
of the first satellites, have determined the paramaters of
their orbit. The first Soviet artificial satellite was placed
into an orbit with perige® (nearest to Earth point of orbit)
228 km and the apogee ( the most distant from the Earth point
of orbit) 947 km. For the second satellite these values were
225 ko and 1671 km respectively. Revolution period around the
Barth at the start ¢f the movement for the firet satellite was

96,17 min. and for the second - 103,75 min.

With the movement of satellites along the orbits within
the indicated range of altitudes it wus poseible to carry out a

number of tests un the study of upper atmosphere ( density
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determination of the atmosphere, stuay of the propagation of
radio-waves, etc.). On the other hand, the density of atmocphere
at these altitudes is quite low and does not distort the
determination of the primary componeat of cosmic radiation,

gpectrum of the short-wave radiation of the Sun, etc,

Scientific problems were presented also by the selection
of orbit's dip to the equatorial plane, of about 65°. The
advantage of this orbit is that during the flight of the satellite
the scientific apparatus, set up in it, may carry out determinatione
above various latitudes. It should be mentioned, that placing
of aatellite into orbit with a greater dip to the plane of
equator is a more difficult problem, than placing it into orbit

close to equatorial.

During its existence - from 4th October 1957 to 4th January

1958 - the first Soviet satellite accomplished about 1400 revolutions

around the Earth. The second satellite from 3rd November 1957 to

14¢h April 1958 completed about 2370 revolutions.

The planned program of scientific investigatiois has been
successfully accomplished by means of the first Soviet artificial
satellites. Given below are some tenatative results of these
investivations. On the whole the accumulated material is quite

extensive and the processing still continues.

Radio-technical and optical observations of the artificia)
Earth eutellite..

Inasouch as the time-variation analysis of the satellite orbit

— s ; K s vl b M
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permits to determine the density of the upper leyers of
atmosphere, inveatigation of catellites movement is highly
pignificant. Elements of satellites orbit could be determined
on basis of their observation, conducted by radio-technical

and optical .methods.

Radio~technical methode included direction finding and |

observations of Doppler's effect in reception of radio-signals

from the satellite. The Doppler effect means that with the
approach of the object having radio-transmitter to the reception
point the frequency of the received signals increase, whereas
with the removal it decreases. Frequency variation depends on j
the rate of removal and approach. In the satellite's flight

the rate of approach and removal with respect to the stationary

receiving point of the ground is so high, that Doppler's effect i
could not orly be observed on the ordinary radio-receiver, but

also used for recording the moment of the satellite's passing

at the nearest distance from the observation point, and also

for determination of distance to satellite and its velocity.

In radio-cbservations of signale from the first and second
satellites, the frequency of received signals was measured by

means of special radio-apparatus and printing chronograph.

In order to enhance the accuracy of meagurements, the
observations of eignals were on frequency of 40 megacycles,which

i5 less affected by ionosphere. [Ihe radiation power of transmitters
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provided for an assured reception of signale within the whole
rance of direct vieibility. Alltogether during 2h hours it
vwas possible to observe 6-7 succecsive pacaing of the satellite

above the ground statione.

A method was developed for the processing of received
signals, which enabled to determine the inctant of the satellite
passing at the least distance from the observation point with

accuracy upto 0.1=0.2 seconds.

Phe carried out observations show, that Doppler's effect
could be successfully used for determination of the parameters
of the satellite's orbit. The advantage of this method is the
simplicity and reliability of the a;paratus. With frequency rise
of transmitter, set up on the satellite, and with the use of
circuits of the automatic measuring of frequency the errors of

method could be considerably reduced.

The simplest optical observations of the satellite consisted
in recording the instant of its passage above the observation

points.

For a more exact determination of coordinates the application
wes made of special photocine-theodolites, and for obtaining the
photographs of the path of satellite modernized aerophotcsurvey
cameras were used. Time Lreaks in photographing were made by
means of successive opening and closing of shutter with time

recording of these operations by photoelectric method. rhus, the

. S
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photographs chowed & discontinuous trace of the satellite. High

accuracy was obtained with the use of thece cameras.

In the observations of the artificial earth satellites
methods of their photographing by highly-sensitive means were
devised. The most promising was found to be the application of
electronic image transformers. The new method makes it possible
to observe the satellites without the use of any large optical

systems, which considerably simplifies the means for observation.

Atmospheric density determination: .

Density and temperature of air are the most important
atmospheric characteristics. Their determination at high altitude
upto the 1imite oi atmosphere is essential for understanding a
number of geophysical phenomena. For instance, temperature affects
the atmospheric ionization degree, which in turn affects propagation
of radio-waves., Motion of meteorites and corpuscular flux in
the atmosphere dependSon its density. The fastest atoms and
molecules at the limits of the atmosphere escape beyond its
limits into interplanatary space. The rate of this process depends
on the temperature at high altitudes. Finally, in the launching
of artificial sateliit-s the time of their existence should be

known, and that requires data of the atmospheric densitye.

On the basis of a number of indirect data ( observations
of polar lights, meteorites, etc.) some concepts originated

regarding the upper atmosphere. These observations resulted in
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conclusions regarding relatively hich density and temperature.
Later by correlating rocket investigations, conducted during
the last few years, and some theoretical reaconing another
point of view has been generally-adopted, according to which
the upper atmosphere is colder and less dense, than it was

assumed earlier.

Even prior to the launching of the first artificial satellites
possibility of deteérmination of atmospheric density and temperature
by observing their motion was known. With motion in BEarth atmosphere
the artificial satellites encounter resistance. The resistance
force is proportional to a“mospheric density. As a result of the
retarding effect of the atmoephere there is a gradual decrement
of the altitude of the orbit, along which the satellite is moving.
Thie will continue until the satellite, entering intc the dense

atmospheric layers, is destroyed.

Densily of the atmosphere drops quickly with the height
from the Earth's surface. Therefore the force of resistance in
various segments of the elliptical orbit is not similar. With
quite an elongated orbit the resistance force at the perigee
ie much higher than at the apogee. Therefore the main declaration
occurs in the zone of perigee. This variable declaration results
in the fact, that reduction in the altitude of apogee occurs
considerably fester, than decrement in the altitude of the orbit's
perigee. Evolution of the elongated orbit of the sutellite

occurs in a way, that its shape gradually approaches circular.

oo N bt g | - | 4 " ;1:4
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After the launching of the firgt Soviet satellites
optical and radio observations made it possible to follow the
evolution of tneir orbits, Since the effect of atmosphere
on satellite in individual sections of the orbit is very insignificant
the local retardation at present cannot be measured. From
observations of the first Soviet satellites with accuracy,
sufficient for an assured density determination of the atmosphere
the measurements of all the orbital data were made directly
after the launching of the satellite, as well as the variations

of their circulation periods from revolution to revolution throughout

their existence.

Rate of variation of the revolution period depends to i
a great extent both on the density of atmosphere in the area of
perigee, and on the rate of decrease in density with altitude.
The decrement rate of density is denoted by a parameter, known

as the "altitude of homogeneous atmosphere", which is directly

proportional to the temperature of atmosphere and inversely

proportional to its molecular weight.

On the basis of the theoretical analysis of the observation
results it was possible to determine with assurance the product
of atmospheric density by square root out of "altitude of .
homogeneous atmoevnhere” at perigee altitudes of the firast satellites ]
(225-228 km)s With certain assumptions regarding the value of i

"homogeneous atmosphere altitude'" calculations were also made i

of the deusitys. As a result it was found, that the obtained




(69)

value of tihe density is five-ten times greater than the values,
indicated for these altitudes in a aumber of atmosphere models,
plotted on basis of rocket measurement prior to launching of

the satellites. It should be mentioned, that density deiermination
from the study of purely mechanical effect of the atmosphere on

satellite is quite correct.

The Earth's atmosphere above various regions of its surface

is dissimilar. At one and the same altitude density and temperature

of atmosphere change in relation to latitude and the time of day.
‘"his relation is bound with irreguvlar heating of the upper
atmosphere by ultraviolet, X-ray and corpuscular radiation of the

Sune H

Due to the fact the Earth's gravitational field is different

from the central cne, the orbits of the artificial satellites

changed their position in space. lhus, for the first Soviet

satellites the angular perigean distance ‘rom the non meridian

varied by about 4 degrees, and the perigean latitude - by

C.35 degree per day.

Since the main effect of the atmosphere occurs in the
perigean area of the orbit, the change in position of perigee resulte
in the change of the decelerating. forcc. 'this permits to estimate
the magnitude of latitudinal and diurnal changes in the state

of atmosphere,
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From the observations of the first satellites estimates
vwere carried out on density determination of the atmosphere,
taking into account the variations in the position of the orbital
perigee. Estimates have shown, that the product of atmospheric
density with the square root of the "altitude of homogeneous
atmosphere" increases with transition from the nocturnal side
of atmosphere to daylight and reaches its peak value at the
noon. Analysis of retardation has also defined decrement in
this value with transition from the more northern regions of
atmosphere to equatorial. It should be mentioned that there is
a good agreement between the values of the density, calculated
from the observation results of the first and second satellites

and the carrier-rocket of the firs: satellite.

On the basis of the obtained data it is posaible to
conclude, that the atmospheric temperature at altitudes of the
order of 225 km is higher than previously assumed on the basi;\
of theoretical reasoning. Discovery of high atmospheric temperature
poses to geophysicists a problem of the energy sources of its
high heating. The known *rigid" ultraviolet and X-ray radiation
of the Sun would haraly be sufficient for this. Now it is only
possible to form various hypotheses in this connection. For
instance, it may be assumed, that the upper atmosphere of polar
regions is intensely heated by corpuscular radiation of the Sun.
It is possible, that the whole upper atmosphere is additionally
heated either by the infrasonic waves, entering from the troposphere,

or by electric currents,originating in electro-corducting ionized

air as & result of its motion in the magnetic field of the Earth.
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Future study of the uppeir atmosphere by means of rockets
and artificial Earth satellites will make it possible to obtain

the final answer to all these interesting and important questions.

Results of ionosphere investigations:

Observations of radio-signals from the first artificial
Earth satellite made it possible to obtain new data on the
external part of ionosphere, i.e., its region above 300-400 km.
Ionosphere is the upper part of atmosphere, containing considerable
amount of free charged particles ( electrons and iong). With
transition of radio-waves through ionospheric layers they get
reflected, partially or totally absorbed and their propagation
paths become curved. Therefore the radio-mecvhods became the

most effective means for investigation of the upper layers of

atmosphere.

One of the main parameters, characterizing the state
of ionosphere, is the electronic concentration, i.e. content
of free electrons in one cubic cm. Until now the electronic
concentration was measured from the lower layers of iongsphere
to altitudes of 300-400 km, where the electronic concentration

hes the so called principal maximum.

These measurements weve conducted mainly by torrestrial
jonospheric stations, emitting short pulse radio-sijnale of various

irequency and receiving their reflections from ceparate layers of

ionosphere.
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As a result of resular measurements it was fixed, that
the principal maximum altitude of ionosphere and its electric
concentration vary from day to night, from seacon to season,
with transition from north to south, east to west. <The highest
electronic concentration, observed in middle latitudes, reached
two-thres million electrons in cutde¢ cm. Moreover, starting
from altitudes 100-110 km upto altitudes 300-400 km electronic

concentration increases on an average 10-15 times.

It is most important to kmow, how the electronic concentration
varies above the principal maximum, i.e. in the outer part of
ionosphere. This is necessary, in particular, for uniergtanding
the interaction of ultraviolet radiation of the Sun with atmosphere,
study of the propagation conditions of radio-waves and other
processes, occurring in ionospheré. However, study of the
external layers of ionosphere from the redio-signals,raflected
from them, is impossible, as the radio-waves, emitted from the
Earth, are either totally reflected by the lower layers, or pass
into the cormic space. Some information regarding the outer
ionesphere could he obtained by studying radio-emissions of Sun

and stars, received on the “arth, and also radio-signals received

from the Moon.

Propagation observation of various frequency radio-waves,
emitted from satellites at verious altitudes, are the new means

of etucying the outer ionsphere.
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With reception ot radio-siinale from the firet artificial
satellit s on frequency 4O megacycles it was possible in some
cases to observe in its pure form the "radio-set" and "radio=-
rise'" of the satellite and to fix the corvesponding times. In
contrast to the optical rise and set of the catellite, which
are characerized by the fact, that at this instant the light
ray from the satellite o observe is a straight line, whereas
in the '"radio-rise" or ''radio-set'" the radio-ray is bent in
ionosphere. Because of this the 'radio-set" comes on later,
than the optical set, and correspondingly the "radio-rise"
is in advance of the optical rise. The differenee in time of
the opitcal rise and the "radio-rise" ( or the optical set and
the "radio-set") makes it possible to determine the magnitude
of the radio-ray cuvrvature. Since the curvature of the radio-
ray in ionosphere depends on variation of electronic concentration
with altitude, it is possible, by presetting some variation law
of electronic concentration, to calcvlate it theoretically ut
* various altitudes. In this case the effect of the lower layers
of ionosphere could be estimated by direct measurements, conducted

by the network of terrestrial stations.

Data obtained as a result of observing radio-signals of
the first artificial Earth satellites, permit to assume, that
electronic concentration in the outer ionosphere ( above the
principal maximum ) drope with altitude 56 times slower,

than its increment below the principal maximuge Thus, starting

from altitude of 100 km to altitude of 300 km electronic concentration

R
o S 4 R
e O IR AR Lo




(74)

increased during the period of observatiohs (in October ) about
10 times, and from altitude of 300 km to 500 km it decreased

by half.

It should be mentioned, that similar variation of electronic
concentration with altitude was also recorded in the launchiag
of the Soviet high~-altitude rocket, reported by newspaper
"Pravda". In this test at an altitude of 473 km the electronic

concentration was about onc million electrones per cubic cm,

Investigation of cosmic rays:

For investigation of cosmic radiation the second artificial
setellite had two devices,which recorded the number of particles
in this radiation. In its rotation around the Zarth the satellite
was flying at ;arious distances from its surface. Therefore
measurements of cosmic rays on satellite made it possible to
define the number of particles against the altitude., The procesesing

of obtained material has shown, that from the lowest altitude
of the orbit (225 km) upto altitude of 720 km there is
an increase in the intensity of cosmic rays by about 40%. Thie
increment is specified primarily by the fact, that with increasing
altitude the screening effect of the Earth decreasea, and the
cosmic rays get the possibility of reacning the device in a

greater nunber from different directions,

The magnetic field of the Earth also builds up an obstacle
for the falling of cosmic rays on the Earth. #eviution of cosaic

ray particles due to the Earth's magnetic field results in the fact,




(75)

that to each point of the Earth surface reach in certain
direction only the particles with energy above a certain
value. Naturally, the further we move away from the barth,
the weaker is the magnetic field and the less its eflect on
coBnic rays, Lstimates show, that the increase in intensity
of cosmic rays with altitude, measured during the flight of
the satellite, could be explained by the above indicated

causes.

In the study of cosmic rays by means of the apparatus,
set up in the satellite, the variation of cosmic ray intensity
with latitude and longitude could also be obtained. This
provides information regarding the magnetic field of the Ea{th.
Measurements of magnetic field on the surface of the Earth
give an idea as to the nature of earth's magnetism and make
it possible to forecast, what kind of magnetic field should
be there at large distances from the Earth. On this basis it
is possible to estimate the exnected intensity distribution
of cosmic rays on the surface of the Zarth. In particular,
it is possible to indicate the lines of constant intensity
of cosmic rays ( isocosms). Measurements of cosmic rays,
conducted during the fligiht of the satellite, have shown that
lines of constant intensity obtained from experiment and
calculated on theoretical basis considerably diverge. This
result harmonizes very well with the conclusions of American

physicist Simpson, who organised a series of flighta 6f the
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hizh-altitude planes in equatorial areas. These flights
have shown, that equater, determined by means of cosmic rays,

does not coincide with the geomagnetic equator.

Cherefore, there is considerable divergence between the
ciiaracteristicc of terrestrial magnetic field, obtained, on
one hand, by means of cosmic rays and, on the other, by the
measurements of magnetic field on the surface of the Earth.
These divergences are explained by the fact, that the trajectorics

of the vesmic rays motion are determined by magnetic field

at vel'y high aeltitudes, whereas the direct measurements

characterize magnetic field in the vicinity of the Earth's ‘
surface. Cosmic rays permit to '"probe" the terrestrial

magratic field at great distances from the Earth, which provides

the »ossibility of a new approach to the study of the Earth's 1
magnetic field and the system of electric currents in the. |

upper atmosphere,

Qbservations of cosmic rays on satellite have also
enabled to record the intensity variations of this radiation.
These variations are, apparently connected with the state of
interplanetary matter in the vicinity of the garth. A cace
of a sudden increase (by 50%) of %he number of puarticles in
cogmic radiation was recorded. Whereas the ground stations
have not discovered at thic time any appreciable increuent
in the intensity of cocmic rudiation. At preosent a detniled

study is being conducted of this occurrence. It is pousible,
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that it has been caused by the generation on the Jun of
low-energy cosmic rays particlae (abserbed at high rate hy

the atmosphere of the Earth) or by tho eatellito getting

into the flux of high-energy electrons (bound with corpuscular
radiation of the Sun). lhese phenomean could not have been
rccorded until now, sinee the instruments for a prolonged
observation of cosmic.raya were located only on the surface
of the Earthe The artificial Earth satecllites for the first

time make it possible to investigate fully the primary cosmic

radiation.

Biological investigations:

During the last decade Soviet gscientists accomplished
a great number of biological experiments in the upper layers
of the atrosphere. By means of rockets the test animals were
1ifted to altitudes of several hundred kilometers. The obtained
data made it possible to come closer to defining the nature
of biological phenomena, emerging in conditions similar to
flights in cosmic space. Direct experimental study of the
effect on live organism of such factors, which could not
have been reproduced on the Earth, has become practicable nows
However, onl-> on the satellite it was found to be poceible to
accomplish biolcgical experiment in conditions of cosmic flight.
This primerily concerns the study of the effect on live organism

of a prolonged weightlessness, primary cosmic radiation, some

types of solar radiation and other factors.
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Data ohtained in the implementation of medico~biolepgical
investigatiens program on the second artifieial sateliite, nre
of high value. 'Yhe fact ig well known, that on thio satellite

the dog Laika hao performed coamie flight as the tect animal.

Lhe behavior and condition of tne teot animnl during the
mogt difficult, Irom the bioleriecal point of view, stare of tho
satellite's flight « the launching and transition into orbit
- are of great interest. The motion of the satellite in the

[}
section of placement into orbit was accelerated moreover, the

acceleration exceeded many times the gravity accelere’ion on
the karth surface. The apparent weight of animal increased iu

this case according to aecceleration.

During the placing into orbit the animal was arranged
on the satellite in such a way, that the acceleration would
act in a direction from the chest to the back. Overloading in .
this case pressed the animal to the floor of the e¢abine. <This
position of the animal was chosen because it is.mOut favorable ]
for the organism. In the section of placing into orbit
simultaneously with accelerat.on the effect on the animal was

of vibration and the noise of the rockeg's motor. l

The behavior and condition of the amimal during the

placing into orhit vas recorded quite fullye. On the basis of

1
{
1
i
{
the obtained information it is possible te fix, that only up 1
to a certain acceleration vaslue the animal withstood the increment 1

|
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of the appare.. hady weigiht and maintained freedom of movament

af the head and body. Thereafter it wau prassed ton the cabin

floer and there wag no recording of any netieeable movements.

Interpretation of data, ebtainnd frem the satollite, hao
ohown, that iummediatoly after the atart the systelic frequency
increased in comparison to initisl apprroximately three times.
Amalyois of electrocardiogram recording did not define any
morbid signs. A typical picture was marked of incrensed freque-cy

of heart-beat, th: so called sinusal tachycardiae. Later, when

the accoleration not only contirued, but cven increased, frequency

of heart=beats decreased.
<

It is casy to imagine, that with the increased apparent
weight of the animal the regpiratory movements ¢f the chest

became difficult, respiration more shallow and frequent.

Actually, the recording of telemctric signals has snown, that
during the placing of the satellite into orbit the respiration

frequency of the animal exceeded the initial 3=4 times.

There are grounds for assumption, that changes, remarked
in the st-.te of the physiological functions of the animal, are
due to the sudden effect on the organism of %he quite forcible
external irritants : Acceleration, noise and vibrations, which
originatedat the start and continued in the section of placing
into orbit. Anelysis and comparison of o' aincd date with

.. results of previous lavoratory tests permit to assert, that the

flight from the start till the nlacing into orbit was withstood

RRESE owé:awﬁwg&rmwwwerﬁwm



(80)

by the animal quite satisfactorily.

After the satellite waz placed into orbit the centrifugal
force, acting on the satellite, balanced the force of gravetational
attraction, thus setting in the state of wéightlessness. In
this condition.: the body of the animal ceased pressing on the
cabin floor and due to contraction of the extremities. muscles
easily pushed-off the floor. To judge from the available

recordings, these movements were not continuous and quite even.

Due to the fact, chet the animal's chest was not compressed
anymore under the effect of increased weight, frequency of
respiratiop decreased. After a very short period of tachycardia
the systolic frequency continued subsequently to decrease,
approaching the initisl. However, the time, during which the
number of heart-beats reaché¢d the initial level, was about
three times longer, thgn in the laboratory tests, in which the
snimals were subjected to the action of the same acceleratis. v,

as in the placing of the satellite into orbit.

Mos% probably, this is due to the fact, that after the
cersntion of the acceleration effect in tests on the ground the
animal found iteelf in normal conditions, whereas on the satellite
the accelaration was replaced by the state of complete weightleasness.v
In this state the sensitive nerval forpations of the animal,
eignulling pocition of the body in space, did not feel the

sufficient effect of external irritants. This caused change in the

¢ -2
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functional atate of nervous system controlling circulation
and respiration, and determined certain extension in the
normalization period of these functions after the cessation

of the acceleration effect.

It is alamo possibie. that the pointed out phenomenon
was somewhat amplified by the effect of aesociated factors
during the ascent - vibrations and noise, the intensity of

which was higher than in laboratory tests.

It should be mentioned, that changes in physiological
frnctions,recorded in the animal at the start of the satellite's
motion along the orbit, on the whole coincide well with the

results of the previous investigations at high-altitude rockets.

AnalyaiQ of electrocardiogram, recorded in the state
of weightleszsness, defined certain changes in configuration
of its elements and duration of individual intervals. These
changes were not of the pathological nature and were connected
with the higher functional load during the period, preceding
the state of weightlessness. The picture of the electrocardiogram
reflected transient neuro-reflex saifte in the regulation of
cg:diac activity. In the next period there was progressive
approach of the cardiogram picture characteristic for the initial
state of the animal. In spite of the unusual condition of

weightlessness, the moving activity of the animal was moderate.

Normglization of the functionsl indices of circulation

and respiration during the weightlessness period, i.e. during
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the motion of the satellite along the orbit, indicates,

apparently, that this factor in itself did nof: cause any
substantial and stable changes in the physiolcgical functions

of the animal. Thus, it may be said, that not only the period

of placing into orbit of satellite, but even the conditions

during the mo%ion of satellite along the orbit, were satisfactorily

withstood by the animal.

In providing conditions, required for normal vital activity
of the animal in the long flight on the satellite, the most
important is the creation of a suitable gas medium,composition
and pressure of which would not cause disturbance in the
physiological functions of the animal. This problem could only
have been resolved by applying hermetically~sealed cabin, in
which by means of air regeneration normal atmpspheric pressure
was maintained with cxygen content within 20-40% and carbon

dioxide not over 1%.

The regeneration substances were hightly-active chemical
compounds, which by absorbing water vapors and carbon dioxide
libdrated oxygen. These chemical compounds absorbed also such
harmful gases, formed in the process of vital activity of the
animal, as, for instance, ammonia. Analysis of obtained data
has shown, that oxygen was liberated in sufficient quantity. The
fact, that pressure in the cabin did not drop, indicated its

reliable hermetization.

It was not possible to form any opinion regarding the effect




e < e e 2

(83)

of cosmic radiation on the animal. No obvious physiological
effect of its action was defined directly. Detailed study
of this question required careful and prolonged investigation
of the test animal after the flight, which is proposed to

be carried out in fut .~e tests,

The first estimate of the obtained results with all
the evidence shows, that conditions of cosmic flight are
satisfactorily endured by the animal, Poeitive in this sense
result of experiments enables to continue with even greater
persistence and to extend the investigations, the aim of
which is to assure safety for the health and life of main
in cosmic flight.

Tentative results, given in this article, will be

published soon as scientific articles in various journalse

The study is continuing of the extensive scientific
material, obtained in the first Soviet artificial satellites
both in tests described in this article and other tests,

carried out in the first satellites.

The suctessful launcaing of artificial Earth satellites
has provided the scientists with means for a direct investigation
of the upper layers of atmosphere and of cosmic space. The
subsequent launchings of satellit-s during the International
Geophyeical Year will make it possible to extend the number of

important scientific tests, ¢arried out in cosmic spaco, and to
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understand more thoroughly a number processes, ococurring in

the upper atmosphere and in coemic space.

"Pravda" s 27th Apl’il o 1 958 .

TASS COMMUNIQUE OF THE LAUNCHING OF THE THIRD ARTIFICIAL
EARTH SATELLITE:

In accordance with the program of the International
Geophysical Year the Soviet Union on the 15th of May, 1958

has launched the third artificial Earth satellite.

The object of the launching of the artificial satellite
are the scientific investigations in the upper layers of

atmosphere and in the cosmic space.

The satellite came out into orbit, dipping to equatorial

plane at 65°.

According to initial data, the highest altitude of the
orbit above the Earth surface is 1880 km, revolution time

around the Earth = 106 min.

The satellite was separated from the Carrie-rocket,

which moves along a nearby orbit,.

At 13 hrs. 41 min. Moscow time on the 15th of May the
third satellite passed over the area of Moscow City from

southewest to north-east.

The third Soviet artificial Earth satellite has coRical
ghape with diameter of base 1.73m and height 3.57 m without
. £ - e B
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the protruding antennas.

the weight of satellite is 1327 km, including the
weight of the inetruments for scientific investigations,

radio~-measuring apparatus and power sources - 968 kg.

The instruments aet up on the satellite permit to

conduect throughout the orbit the following investigations:

- pressure and composition of atmosphere in the
upper layersj

- concentration of positive ions,

- naénitude of electric charges of satellite and
intensity of the electrostatic field of the Earth;

- intensity of magnetic field of the Earth;
=  intensity of corpuscular radiation of the Sun;
- composition and variation of the primary cosmic

radiation, distribution of photons and heavy nuclei

in cosmic rays;

- micrometeors,
- temperature within and on the surface of the
satellite.

The planned program will enable to study a number of
geophysical and physical problems by means of instruments, elevated

by the satellite to high altitudes.

For transmission of data to recording stations on the ground

the satellite has a multichannel telemetric system with high
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resolvi.g power. The satellite is equipped with special
transmit ‘ing devices, enabling to measure coordinates of

its trajectoriss.

In order to attract a wide circle of the scientiflic
community of the world to observing the third Soviet artificial
Earth satellite it has on board a radio-transmitter, continuouely
enitting on frequency 20.005megacycles sending telegraphic.. ..

signal with duration 150-300 msec. with high power of emission.

Operation of the scientific and radio-technical instruments,
set up in the satellite, is controlled by means of a programming

device. Besides, the electro-chemical power source. the satellite

has also solar batteries.

Temperature conditions, required for the normal functioning
of the in. ‘umehts on bord are provided by the thermo-regulating
system, which changes by meuns of special devices coefficients

of lumiposity and reflection of the surface.

Observations of the satellite, reception of scientific
jnformation and measuring of its trajectory coordinates are
conduct @ by specially constructed scientific stations, equipped
by a g-rat number of radio~technical aid optical means. Data
of the satellite's coordinstes, received from the radio-location
stations, ars automatically converted, tied-in with the single
astronomical time and . directed along the communication lines

2nte coordination-computing ceantre.
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The measuring information sent from different stations
into computing center is sutomatioally input into quick-acting
digitel computers, which implement determination of the basic
orbital parameters of the satellite and calculations of its .
ephemerides. In observatiions of the satellite participates |
a great number of optical observation points, astronomical

observatories, radio-clubs and radio~amateurs.

The eatellite and the carrier-rocket will be visible

in the rays of the setting and rising Sun.

The third Soviet artificial Earth satellite is a new
stage in the implementation of extensive scientific investigations
in the uppor layers of the atmosphere and in the study of cosmic
space and is a major contribution of Soviet scientists into

International s:iface.
“"Pravda', 16th May, 1958.

THE THIRD SOVIET ARTIFICIAL EARTH SATELLITE:

On 15th May 1958 the third Soviet artificial Earth satellite
vas launched. It vas placed into orbit by means of a powerful
carrier-rocket, After the ccrrier-rockefg with the satellite
reached on the preset trajectory of flight velocity over 8000 m/sec,
the satellitc was separated from the carrier-rocket by means
of a special device and began moving along an elliptical orbit

around the Earth. During the separation of satellite from the
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carrier rocket the protective cone and the protective shields

were thrown off the satellite., The carrier=rocket and the

_protective cone and shields are moving along the orbits, near

to tha% of the satellite.

In its specifications the third Soviet satellite 18"

much more perfect than the first artificial Earth satellitea.

The weight of the satellite is 1327 kg, and the total
weight of the instruments set up in it with the power source

compose jointly 968 kge

The shape of the satellite is almost a cone, Length
of the satellite 3.57 m, diameter of the largest part - 1.73 m
without the projecting antennas. A large number of systems is
set up on the satellite for conducting moe* complex scieamtific
tests. The tests are intended mainly for the study of phenomena
occurring the upper layers of the atmosphere, and the effect

of cosmic factors on the processes in the upper atmosphere.

The satellite is equippod with the most perfect measuring
radiv-technical instruments, assuring exact measuring of its
motion along the orbit, and radio-telemetric apparatus, which
continuously records the results of the scientific measurements,
their "memorising" throughout the movements of the satellite
and their trancmiseion to the Earth during the flight of the

satellite above the special ctations, located within the USSR

:E
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territory and conducting reception of the accumulated information.
The satellite has a programming device, assuring automatic
functioning of tte ecientific and measuring inetruments. This
progranming device is impler.ented fully on semiconductorse.
Moreover, the whole of the measuring, scientific and radioc-
technical instrumentation is comstructed wich extensive use of
new semiconductor elements. The total number of semicoaductor
elements on board rids upto several thousands. Power ewyply

of the appar- .us is provided by the most perfect electrochemical
current sources and semiconductor silicon batteries, converting

solar energy into electrical energy.

The heavy weight of the third Soviat satellite proves
the high quality of the earrigr-rocket. which has placed it
into the orbit. Weight of the first Soviet sat~llite was 83.6 kg.
Weight of the scientific apparatus of the second satellite was
508.3 kg. The third satellite has weight of 1327 kg. Total
weight of the various apparatus set up in 1t with the powver

supply sources adds upto 968 kg.

The continuously increasing weight of the Soviet satellite
indicates the future possibilities of our rocket technique. Even
now it is poseible to launch a rocket into cosmic space, beyond
the limits of the Earth's attraction. In order to make it of
scientific value and first real step toward the accomplishment
of interplanstary flights, this cosmic rosket must be sufficiently

well squipped with scientific and measuring instruments end as
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n result of its lannching sheuld provide new information
segerding the physical phonomena of the Universe and conditicne

of cosmic flight.

Soientific apparatus, placed on the third Bovietl satellite,
will enable to study a wide sphere of geophysical and physical
problems. The structure of ionosphere will be studied by observing
propagation of radio-waves, emitted from the satellite by radio-
transmitter of high power. Besides, there is apparatus for
the direct gauging of the concentration of positive ions along
the satellite's orbit. Special apparatus permits to measure
the intrinsic electric charge of the satellite and electrostatic
fields in the atmospheric layers, which .re traversed by
the satellite. Measurements of the densit; and pressure are
being conducted in the upper layers of the atmosphere. The
mass=-spectrometer available on the satellite will enable to
detormine the spectrum of ions, characterizing chemical

composition of the atmovpheree.

For the study of %he Farth's magnetic field at high
altitudes there is a self-orientiung magnetometer, vhich measures

total inteneity of magnetic field.

A series of tests will be devoted to the study of various
radiations, falling on Earth and affecting the important processes
in th- upper layers of the atmosphere. The study is being conducted

on the satellite of cosmic rays and corpuscular radiation of the 8un,
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Intenalty recording of cosmic rays, which is heing carried out
almost throughout the surface of the Earth, will provide new
information about the coemic radiation and magnetic field of

the Earth at high altitudes. The tests are set up on deter-
mination of the quantity of heavy nucleus in cosmic radiation.
Tests on corpuscular radiation of the Sun will shed new light
on the nature of idnosphere, Northern Lights and other phenomena
in the atmosphere. A number of units will record inmpacts of

micrometeorse.

Highly significant is the new test on recording of photons
in the composition of cosmic radiation, which will enable to
obtain information on the short-wave electro-magnetic radiation
in cosmic space. This is the first test, enabling to study cosmic
radiation absorbed by the atmosphere, and the first step in the
new stage of astronomy - study of the phenomena in the Universe
from short-wave radiation of heavenly bodi;a. A geries of
experiments are set up for investigating flight conditions in
cosmic space. These include study of heat conditions in the

satellite, orientation of the satellite in space and other tests.

The abundance of scientific investigations on the third
Soviet satellite characterizes it as an authentic cosmic
scientific station. The construction of such a station on advanced
technical level and arrangement of such an extensive set of
instruments has been made possible by the construction of satollite

of very large dimension.
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The trajectory of the satellite will pass abovc swery
point of the Globe betwecen the N rthern and Southera polar
eircleoc. Thio enhancec even more the value of scientifie
tests, being carried out on the satellite. The orbital
parameters of the satellite are chosen in a way to aasure the
carrying out of scientific tests in the -unge of aititndec with
hizhest interest,

Orbit of the satellite and observation af 1.@ motiyar

W wm AL em

The third Soviet artificial Earth satellite was placed
into elliptical orbit with an altitude of apogee ( the highest
point of orbit from the Earth surface) 1880 km. After placi.g
into orbit the satellite was separated from the carrier-roc'ist.
Revolution period around the Earch was initially 105.95 minutes.
During 24 hrs it completes about 14_revolutions along the
orbit. Thereafter the period of revolution and the altitude at
apogee will be gradually decreasing due to the declaration of

satellite in the upper layers cf the atmosphere. According to

tentative eatimates, the orbital movement of the third satellite

will continue longer, than of the firet two Soviet Earth satellit

Tte urbit dips toward the equator at 65°.

The carrier-rocket immediately after the placing into orbit

N mﬂJ
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moved glong an orbit, close to that of the satellite, at comparatively

short distance. In time the distance betwcen the satellite and
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the carrier-rocket vwill be continuously changing due to
difference of their braking in the atmosphere. This eventually
will result in the shorter existence of the rocket than of the

satellite.

Using material, accumulated in the launching of the first
two Soviet artificial satellites, it will be possible to forecgst
with sufficient sccuracy the existence period of the third
satellite after the processing of the first measurement results

of the orbital parameters.

The motion of the third satellite in relation to Earth
is similar to that of the first Soviet artificial satellites,
At medium latitudes each subsequent turn due to Earth's rotation
and precession of the orbit pasées further west of the preceding
turn by about 1500 kme The precession rate of the orbit is about

4 degrees per day.

Observetions of the satellite's movements are being conducted

by radio-technical and optical methods. The means and methrds
of observing the third satellite are considerably improved., '.:
The sateilise is equipped with several radio-transmitting devices,

permitting to determine the satellites coordinates with motion in

orbit. These determinations are implementod by a number of specially

constructed scientific stations, equipped with a large number of

radio~technical meanse.

Data sbout the coordinates of satellite, determined by
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radio-locators, are automatically tied to a single astromomic

time. Then by special communication lines these data are transmitted
into the general coordination=-computing center where data from
various stations are automatically fed into quick-acting electronic
computors, which implement their joint processing and calculate

basic orbital parameters. On the basis of these calculations the
forecasting is made of the further movements of the satellite and

its éphemerides are issued.

Such a composite measuring complex, including in itself
a great number of electronic, radio-technical and other devices,
enables to measure :~- the satellite's coordinates and quick
determinutioﬁ of its orbit's parameters with accuracy far exceeding

that of the first satelliter.

Moreover in the observations of satellite participate DOSAAF
clubs, radio~direction finding stations and a great number of
radio-amateurs. Radio-transmitter set up on the sxtellite and
operating on frequency 20.005 megacycles, continuously transmits
radié~-signals in the form of telegraph sendings with duration
150=-300 msec. Radiation power of transmitter provides for an
assured reception of its signals at great distances by means of
ordinary amateur receivers. Systematic recording of these signals
and specially their tape-recording, easily accomplished by

radio=supteurs, will be of high scientific value.

Radio=-observations of the satellite, based on Doppler's effect,
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are also of considerable interest. As shown by the observations
of the first Soviet satellites, thie method ies hLighly effective
and on condition of good correlation of the meusuring results

to astronomical time will make it possible to obtaln accurate

data on the satellite's movemente.

In organizing opticsl observations of the third Soviet
satellite the experience obtained in the observations of the
first satellites has also been taken into account. The network
of the optical observation stations has been extended and included
a number of foreign observation points. The photographic methods

of observation have been considerably improved.

A special interest has aprplication for the photographing
of the satellite of the electronic image transformers, which make
it possible to obtain a clear photographic image of the satellite
at very large distances. Samples of cameras with electronic
image transformer have been succeasfully tested in observations

of the second satellite.

The srrangement of the third Soviet satellite:

The third Soviet satellite is a veritable automatic scientific
station in space. Its arrangement and construction are considerably
nore perfect, than the construction of the first satellites. In
this construction of the satellite the whole series of specific
requirements, connected with various scientific tests to be carried
out and disposition of a great amount of scientific and measuring

instruments was taken into account. The possible interaction of
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individual scientific devices required careful workin; out of
the satellite's make up and disposition of the seneitive elements

of the scientific apparatus.

Fige 7 = Jeneral view of the third Soviet
artificial darth satellite.

‘he hermetical body of the satellite has a conical shape
cnd is made of aluminium alloyse 1ts surface, just os that ef
the first satellites, is polished and svecially treated for
imparting the required coefficients of luminosity and absorption
of solar radiatione. Ihe removable rear botton ol tie body is
attached to butt frame by bolts. the air-tighiness of the butt
is provided by special packing. Prior to launching the satellite

iz filled with gaseous nitrogene.

Inside the body arranged on the rear instrument frame,
made of mapgnesium alloy, are the radio=telemetric npraratus,
radio=-instruments for meusuring coordinates of satellite, time-
programaing device, thermorerulation znd temperaturc gauging

cystems, outomaties for switcheon nd switch-off of apraratus and
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chemical sources of power supply. Set up on the rear £rame are
aleo devices for measuring intensity and composition of coamic
radiation and for recording impacts of micrometeors. The frame

is attached to reinforcement points, on the body sheath.

The main part of devices for scientific investigatioﬁs
together with the sources of power supply are alao inside th;
satellite - on anogher instrument panel in the forepart. Om this
panel are the electronic blocks of apparatus for measuringp
pressure, ionic composition of atsiosphere, concentration of
positive ions, size of electric charge and intensity of electrostatic
field, intensity of magnetic field and intensity ©f corpuscular

radigtion of the Sun. The radio-transmitter is also set up here.

Disposition of the data units of the scientific instruments
is determinéd by their designation. The magnetometer is in the
forepart of the satellite and should be as far as possible from the
rest of the instruments. The counters of cosmic rays are iuside
the satellite. Other data units are outside the gir-tight body
of the satellite. The photo-electric'multipliers. serving for
recording of corpuscular radiation of the Sun, are attached on the
forepart of the body. Inside the cylindrical sleeves, welded into
the sheath of the forepart of the satellite, are fitted one magnetioc
and two ionization gauges, for gauging pressure in the upper layers
of atmosphere. Nearby are two electrostatic fluxmeters for measuring
electric charge and intensity of electrostatic field, and also the

tube of radio-frequency mass-spectrometer determining cdmposition

of ions at high altitudes.
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On two tubular rods, attached on hirges to body sheath,
are spherical reticular ion collectors, which make it possible

to measure concentration of positive ions with the satellite's

motion along the orbit. In the section of satellite's placing

into orbit the rods with collectors are pressed to vody surface.

Afterward the rods turn on the hirges and get set perpendicular

to its lateral surface.

Set up on the rear bottom of the body are four data units

e ' for recording impacts of micrometeors.

The solar semiconductor battery is disposed in the form

e g

of separate sections on the body's surface. Four small sections

5. % are fitted on the front bottom, four sections - on the lateral
surface and one section on the rear bottom. This disposition of
the solar battery sections assures its normal operation, regardless

of the satellite's orientation in relation to the Sun.
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Fige 8 = Scientific instrumentation of the third
Soviet artificial Earth satellite.
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1« magnetometer; 2« electrophotomultiplers for recording corpnscular
radiation of the Sun; 3- solar batteries; U- recorder of photons

in coemic rays; 5~ magnetic and ionization gauges; 6- ion collectors;
7= electrostatic fluxmeters; 8- mass=spectrometric tube; 9~ recorder
ol hegwy nuclei in ccsmic rays; 10~ device for measuring intensity
of the primary ccsmic radiation; 11- data units for recording
micrometeors.

The from{ of the satellite is closed by a special protective
cone, thrown off after the satellite has been placed into orbit.
Thie cone protects the forepart of the satellite with data units
of scientific instrumentation from thermal and aerodynamic effects
during the passage of carrier-rocket through demnse atmospheric
layers. The cone is composed of two half-sheaths, which separate
during the throw-off, Besides the protective cone, a considerable
part of the external surface of the satellite is covered in the
section of placing by four special shields, connected on hinges

with the body of carrier-rocket. During the separation of the

satellite this shield.: remainson the carrier-rocket.

Fige 9 - Diagram of the satellite's separation from
carrier-rocket.

1- satellite; 2- carrier-rocket; 3= separating protective conej;
b= geparable from satellite shields.
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On the external surface of the satellite is a number of
antenna systems, in the form of dowels and tubular constructions

of composite shape.

The multichannel radiotelemetric system of the satellite
is of high resolving power. It can transuitt to the Earth large
amount of scientific information regarding *he scientific
determinations, conducted on the satellite. The system includes
a number of devices, continuously memorising data of scientific
measurements during the flight of the satellite along the orbit.
During the flight of the satellite above the ground stations th-

"memorized" information is transmitted from the satellite at high

‘rate.

The system of temperature gauging, available on the satellite,
continuously records temperatures at various points of its surface

and inside ite.

. Mutomatic control of the whole scientific and measuring
instrumentation, its intermittent cut-in and ?ut-off is
implemented by electronic time-programming device. This device
also issues periodically time-breaks with high accuracy, which is
required for the subsequent correlation of the measuring results

to astronomical time and geographical coordinates.

The stable temperature conditions on the satellite are
provided by the thermoregulating system, which is considerably

improved in comparison to those used in the first satellites.
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The heat is regulated by changing the forced circulation of

£ nitrogen gas in the satellite, and also by changing coefficient

Uy

of the intrinsic radiation of its surface. Fitted for this

purpose on the lateral surface of the satellite are¢ adjustable
shutters, made up of 16 separate sections. 7.iey are opened and
closed by electric drive, controlled by devices of thermo-

regulating system.

|
% - Study of ionosphere:
I

The study of ionosphere figures very prominently in the
} program of scientific investigations by means of the third

f soviet Earth satellite.

A pumber of important‘eharacteristics of ionosphere are

hardly known. Until now only in single rocket tests direct

data were obtained regarding distribution of electrionic

concentration in altitude in the outer region of ionosphere, lying
above 300 km. Even less infcrmation is available on concentration
of ions. Information regarding chemical composition of ions,

highly important from the viewpoint of explaining formation of

}» . - ionosphere and laws of its time variation, are available only
for comparatively low altitudes. Information regarding ionospheric

heterogeneities are meagre and controversiale.

bff_ Q Detailed study of the structure of ionosphere and investigation
of its main characteristice is one of the most important geophysical

problems. It shouid be pointed out, that the resolation of this
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b problem is of primary value for providing reliable radio-communication
of the Earth with cosmic rockets, and also £ar the acourate

! radio-measureme;ts, connected with the flight of these rockets.

Just as during the flights of the first two artificial
Earth satellites, an extensive program is being conducted during
the flight of the third Soviet satellite of the propagation
obsergation from ground of the radio-waves, emitted from the
| satellite. Measurements and recording is being carried out of the
”fjf 5 Doppler's frequency of received redio-waves, field int;hsity.
instants are being fixed of the "radio-rise" and "radio-set" of

e . the satellite, measurements of the rotation of plane of polarization

ot

of radio-waves, measurements of the angle of arrival of radio-~waves.
The results of these observations should provide an extensive

material on the state of ionosphere.

m“; § Besides the terrestrial measurements direct measuremeﬁts af

<j B ; . ionospheric characteristics are being conducted from the third

ﬁ:w" ' Soviet satellites "

The specifics of the direct ionospheric measurements by means
of the satellite's devices is, that in contrast to methods, based
on the study of radio-waves propégation, the meaaurement resus.s
arc not dependent on characteristics of the whole thickness of
‘?? ? ionosphere between the Earth and the satellite and on processes

occurring within it.

Determinations are being made on the satellite of the charged
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particles concentration in ionosphere and mess spectrum of

i positive ione. DBeasides, the intenaity measurements of
electro-static field close to the surface of the satellite, which
affects the results of these tests, the listed measurements

compose on:¢ single set of tests, supplementing each other.

; Measurements of the Concentration of Charged Particles.

There are three main types of free charged particles in
E' ionosphere = positive and negative ions and electrons. The sum
| of the concentration of negative ions and electrons in equal to
concentration of positive ions. The ionosphere is electrically
; neutrale, Therefore, by measuring concentration of positive ioms,
it is possible to determine the total concentration of free charged

particles.

The study of radio-waves, reflected or transmitted through

the ionosphere permits to obtain information mainly regarding

2 electron concentration, since the effect of heavy charged particles -
gj{ i ions on the propagation of radio-waves is over thousand times

{ weaker than the effect of lighter elestrons. As until recently

the radio-waves were the main means for ionosphere investigation,
; all basic information on content of charged particles in ionosphere
referred to electrons. Practically nothing was known regarding

dis®yributicn of ions.

For measuring the concentration of positive ions along the

orbit, two reticular spherical ion trape were set up above the

surface of the satellite. Inside of each trap is a sphorical

P collector, which is under the negative potential in respect of

e the sheath, The electric field induced in this way gataers into
L collector all the falling into trap positive ions and pashes out
: y the negative particles. BSince the velocity of the satellite is

R { many times greater than the average velocity of ions dus to heat
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flux onto the surface of the trap is fully determined by the
motion of the satellite and does noi depend on the air temperature
varying with altitude, and on the orientation »f the satellite

in relation to its velocity. *he exception is the case, when

tae trap gets into the region of extremely high rarefaction,
formed in the wakeof the satellite; In the presence of two

traps, arranged as above, at least one of them is always outside
this region. From the intensity of ion current, flowing into

the collector of the trap within the flux, it is poscible to
determine positive ions coucentration in the vicinity of the

satellite.

The bond between the measured ion curreat and the ion
concentration is quite simple, if the electric potential,
acquired by the sacellite during flight in ionmosphere, is quite
low(for instance, not over 1-2 volts). But if the potential
is high, it may substantially affect the intensity of measurable
current and should be taken into account. For this purpose the
reticular shells of the traps get intermitten . short tension
impulses relatively to satellite body. This takes off wolt-ampere
characterigtics, which permit to bring-in correction for the
effect of the satellite's potential on the flux of ions, getting
into the trap. The device makes it possible to measure ion
concentration from tens of thousands to five million of ions in a

cubic cm.
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.. Measuring the concentration of positive ieno will for the

first time enable to obtain data on complete concentration of

charged particles in ionosphere above various geographical areas:

of Earth at different latitudes, and also regarding its changes
with transition from sunlight region into the shadow region and
vice=versa. These data are highly important for understanding

interaction of solar radiation with Earth atmosphere.

Comparison of measurements, conducted in the region below
the so called principal ionization maximum at altidue 300-350 km,
with obaservation results of the ionospheric etations on the ground,
enables to draw a number of conclusions regarding concentation
of negative ions at these altitudes and air ionization,caused by
the motion of the satellite itself. It may be expected, that
concentration measurexents of positive ions will provide nev data
on the structure of the outer region of ionsophere, supplementing
data on this regiocu, obtained in the launching of rockets and
first artificial Barth satellites. It may aleso be assumed, that

dimensions will be measured of ionospheric heterogeneities.

Investigation of composition of the ionosgphere:

Earth atmosphere consists of a mixture of various gases,
Its composition on the Earth surface is quite well known.

Igformntion on the composition of the upper atmospheric layers

is at present rather controversiale One of the most important

aharacteristic of gases, which make up the atmosphere, just as

of all the existing chemical elements, are their atomic and
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molecular vweipghto, generally expreooced4 in arbitrary unita,

go called atomic mass unito. The atomic mase unit is 1/16 weight

of oxygen atom. 7The molecular weight of oxygen compoged of two

atoms is 32. Atomic weight of nitrogen is 14, molecular weight =284

By analysing molecular and atomic weights of various

compounds and ‘mixtures, it is poseible to come to conclusion ae

to their chemical composition., For determination of atomic and
molecular weights of elements and their compounds, making up

v some mixture, the use is made of mass-spectrometers.

Mass=spectrometer, set up on the third Soviet satellite,
is designed for mass spectrum determination of positive ions
present in the Earth's ionosphere. With the knowh mass nurbers
of ions, it is possible to draw some conclusions regarding chemical

composition of ionosphere.

The mass-spectrometer tube - sensitive element of device -

communicatee with its open input orifice directly wi;@ the

surrounding space. It contains a number of fine wire grid electrodes,
arranged to certain, exactly fixed distances one from sncther.
Beyond tre grid is the collector} which is a metal plate collecting

? ions entering into mass-spectrometric tube after passing all grids.

The electrodes or the tube are fed with various direct and
alternate voltages, generated in the electronic block of the
mass-epectrometer. These voltages are selected in a way, that only

those ions may reach the collector, which have passed through the
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tube at certair optimum speed. The ions, which pass through
the tube at epe+d higher or lower than the optimum cannot (et
into the cc® .tor. The speed, with which the ions pass throug'
the nass-spectrometer tube is determined, on one hand, by their
masse, end on the other - by ion accelerating voltage, applied

to some or the tube grid.

Tpe accelerating voltage changes intermit’ -atly from zero
to its maximum value. Because of this the optimum specd is
communiceted in turn to ions with different mass numbers. When
jons reach collecter, there is emergence of a current impulse
in its cireuit, which iz amplified and transmitted by radio-
telemetric system to the Earth. Transmitted simultaneously
is the accelerating voltage available at the moment on the grids

of the mass-spectrometer tube.

If present in ionssphere are only ions of a single mass, the
reception station records only one impulse of ionic curveat
dur:lng‘ each variation cysmle of accelerating voltage. With a more
compesite ionosphere the recording is of two or more impulses
during each cycle., Mass number of ions, corrasponding to each
impulse, could be determined by comparing recording of mass

spectrum with recording of mass-spectrometer accelerating voltage.

Electrostatic fields investigation:

As a result of some processes taking place both in the

iﬂterplanetary space and in the atmoephere itself, the Earth with

it atmosphere as a whole acquires a certain electric charge.
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The electric field generated by this charge should affect

éj- 2 the speed and direction of charged particles flying in the
interplanetary space. It may affect a number of geophysical
phenomena (Northern lights, etc. ). Data on electric fields

in the upper layers of the atmosphere may help considerably

. elucidating the causes of the existence of the negative
Earth charge and the positive atmosphere charge, whish cause
difference in potentials between the Earth and ionosphere of

acme hundreds thousands of volts.

Although in a number of theories explaining the origin

of polar lights and corpuscular flux, the presence is assumed

of eiectric fields in the upper layers of atmsophere,direct

measuring or their indirect determination was never done. The

fact is, that well-conducting layer of ionosphere prevents
penetration of electrostatic fields into underlyiing layers of
atmosphere, just as it would have beén done by a gigantic

metal screen, placed instead of ionosphere.

The same cause prevents measuring by means of devices,

located below ionosphere, electrostatic fields existing in

éé” ’ the interplanetary space.

Measuring of electrostatic fields by means of satellites
is complicated by the fact, that any body, placed in the upper
layers of atmosphere, should acquire electric charge, the -field

of which, if it is not taken into account, will distort the measuring

L results by adding up with the field being measured.
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This charge appears due to inequality in the speed of
electrons and positive iome, falling onto the surface of the
satellite, and also due to such pehnomena, as photo=effect,
i.e. pull out of the electrons from the surface of the |

satellite .~ .% . by light and other radiations.

The use of satellites for the study of such characteristics
of ionosphere, as concentration of ions and their mass spectrum,
requires taking into account the disturbances which the satellite
introduces in the surrounding medium. Therefore electric
charge measuring of satellite inducing redistribution of charged
particles in its vicinity, is desireable also for confirmation
of results, obtained by these tests. On the other hand,
information regarding electric charge combined with data on
concentration of ions may make it possible to determine in some
cases hardly measurable characteristic of ionosphere, as its

temperature.

The apparatus used on the satellite consiets of two
sensitive electrostatic fluxmeters with common control circuits.
It is constructed in the form of two data units, arranged
symaetrically on the lateral surface of the satellite, and a

block witn amplifiers.

The principal part of each data unit is the measuring
electrode - a ten-sector plate, connected with the satellite's

body through resistance. The plate's surface seems to be a
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part of the satellite's surface. This plate is periodically
shielded by another screening plate, rotated by the electric
motor. Since the measuring plate is a part of the satellite's
surface, then, when it is open the fractions of the satellite's
intrinsic charge and of the charge, induced by the external
electrostatic field are present on it. When this plate is

shielded the charge runs-off.

During the rotation of the screen the charge of measuring
plate periodically discharges along the resistance, building
up on it alternative voltage, intensity of which is proportional
to the size of the plate's charge. This voltage amplifies,
becomes rectified and fed into the input of the radio-telemetric
system. The adopted pattern of measurements permits to determine
the intensity of electrostatic field, and the use of two
symmatrically arranged data units of electrostatic fluxmeter
provides the possibility to determine not only the intrinsic
charge of the satellite, but alsc the external electrostatic

field.

During operation of the apparatus a special control

system enables to check the reliability and accuracy of measurementse.

Measuring of the Earth's mquetic field:

The effect of the Earth's magnetic field ig defined by

observing artificial indicators of thatype of magnetic needlec ,
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rotating loops, etc. placed within it, as well as by &

whole series of geophysical phenomena: deviation in polar
regions of charged particles emitted by the Sun, deviation
of cosmic rays, polarization of radio-waves. Distribution
of magnetic field in size and direction is known in detail
only above the continents in the immediate.vicinity of the
Earth's surface. The data are widely used in the exploration

of useful minerals, shipnavigation, aeronavigation, etc.

The nature of terrestrial magnetic field is until now
unknown'. As & result of prolonged measurements of the Earth's
magnetic field in special observatories it has been fixed, that
it is time variable. The highest intensity changes of magnetic

field are known as magnetic storms.

The analysis of observations has shown, that the main
part of the Earth's magnetic field and its secular variations
is caused by the sources within the Earth. And vice-versa,
the main sources of the short-period veriations of the Earth's
magnetic field and magnetic disturbances are outside the Earth,

in upper layers of the atmosphere.

In the first approximation the magnetic field of the Earth
coincides with the field of magnetized sﬁhere or a strong magnet
distance between the poles of vhich is very short, moreover the
northern pole of this magnet is in the southern hemisphere of

Earth, southern pole = in the northern hemisphere and the axis

o
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has an angle of 11.$° with axis of rotation of the Larth.
This simple pattern is complicated by the superposition of
the fields of continental, regional and local anomalies. An
example of the first is the East-Sibirian magnetic anomaly,

taking up considerable portion of the continent.

The sources of local magnetic anomalies, for instance
of Kurskii anomaly, lie in the topmost layers of earth crust,
and the anomalies themselves are quickly decreasing with
altitude. There are quite controversial concepts regarding the

source localization of continental anomalies.

Mathematical methods permit to estimate the field at
high altitudes, if distribution of the field on the surface
is known. Definite information regarding the structure of the
Earth's magnetic field at high altitudes is provided by the
observation of the intensity of cosmic rays at various latitudes.
The most mysterious is the fact, that the distribution patterns
of the Earth's magnetic field at high altitudes, from magnetometric
data on the ground and from cosmic rays observations are not
coinciding. Direct intensity measurements at high altitudes by
means of magnetometer, set up on the satellite, will make it
possible to throw some light on the cause of the observed

divergence.

Setting up of magnetometer on the satellite allows to

carry out in short time the magnetic survey taroughout the

Globe. Quite exceptional possibilities are being provided
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for investigating the variable portion of magnetic field.

According to the present day concepts, magnetic disturbances
are caused by high intensity currents, passing in the ionised
layers of the atmosphere. At present there is only one known
direct experiment, accomplished by means of magnetometer,set
up on a rocket, which indicates reality of these current systems

existence,

The satellite in its motion along the orbit will intersect
many times the ionized layers of the atmosphere. Then the
existence of current systems could be marked from the intemsity
jumps of magnetic field. Separation from the intensities measured
by magnetometer of the field of the part, pertaining to the
field of the assumed current systems, could be accomplished
only by special methods of observation and data processing. Due
to the indicated cause the investigation programs of the spatial
distribution of the invariable parg of the Earth's magnetic
field and the variation field generally canuot be combined in

one experiment.

The main problem of the experiment on satellite is the
spatial distribution investigation of the invariable magnetic
field at high altitudes and comparison of the spatial distribution
of similar intensity lines of magnetic field and the similer

intensity lines of coemic rayse.

Measurement of magnetic field from satellite is bound with
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considerable difficulties, specified by the fact, that the
position of satellite in relation to vector of the Earth's
magnetic field continuously changes; magnetometer should have
high sensitivity with high range of measurements; data units
of magnetometer are affected by magnetic details of other

apparatus on boifd.

Set up on board of satellite is a magnetometer, which
enables to overcome these difficulties. It is a device,
measuring unit of which is automatically oriented toward the
totsl vector of the BEarth's magnetic field at any orientation
of the shtellite. The measure of magnetic field and its
variation is the compensation current, passed along a coil,
fitted on the measuring unit, in direction to compensate fully

the Earth field in a volume, taken up by the unit.

Two potentiometric data units, set up on the orientation
point, permit to determine position of the satellite's body
in relation to earth field and rotation speed of the satellite

around its own axes.

Study of cosmic rayss

Cosmic radiation investigation pemmits to obtain information

regarding the origination processes within the outer epace of
particles, possessing very high energy. Moving within the

Universe, these particles expetrience the effect of the matter,
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through which they are flying. Coomic radiation is affected
by processes, taking place in the Sun and, in particular, by
the flux of corpuscles, projected out of its depth. Under
the effect of electric and magnetic fields, present in these
fluxes, the intensity of the cosmic radiation changes.
Changes in the state of interplanctary space, surrounding the
EBarth, also results in changing the nature of motion of the
cosmic ray particles, originated in the most distant parts

of the ﬁniverse and moving toward the Earth. Sometimes there
are high power blasts taking place on the Sun, resulting in
origination of cosmic rays. These processes are still little

known, and their investigation is of great interest.

As a result of cosmic rays deflection in the Larth's
magnetic field, the equatorial areas of the Earth could be .
reached only by particles with energy of over 14 billion -
electron volts. High latitudes may be reached by particles of
very low energy. By shifting along its orbit the satellite
makes it possible to rccord separately the cosmic radiations

of different energy.

The counter of cosmic rays, set up on the satellite, will
enable to obtain new data regarding intensity variations and

energy spectrum of r~nsmic radigtion.

"he search in the compositions of cosmic rays for the

finest light particles - photone is of special significance.
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; o Photons, having cohsiderable energy, the so called gamma-rays,

could point out better than any other component of cosmic

._ % radiation, where this radiction originates. The propagation
i i of gamma-rays in the outer space should be practically

; rectilinear. Therefore by discovering in vhat direction gamma~

rays are moving, it is possible to point out the location of
their source. In contrast the particles of cosmic rays, having
electric charge, highly deviate in magnetic fields, existing
in the cosmic space, and lose the initial direction of their

motione

The diseovery of gamma-rays in the composition of cosmic
radiation involves great difficulties, moreover, as at present
it is imposeible to forecast their intensity. Satellite existing
for a long time outside the Earth atmosphere provides exceptional

possibilities for discovery of this new component of cosmic rays.

: The device, set up on the satellite, makes it possible for
the first time to accomplish an experimental attempt to define

gamua-rays in the primary composition of cosmic radiation. If

this attempt will be successful, it will be possible to sgpeak

of the new method for investigation of the Universe.

! It is a known fact, that about 70% of the cosmic rays

s primary flux, entering into the upper layers of the atmosphere,

is compoased of protons - nuclei of the lightest element - hydro:en.

Besides protons the primary flux of cosmic rays contains nuclei of
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other elements also. Helium nuclei ( alpha-particles) are
present in quantity less than 204, and the nuclei of heavier
elenents compose altogether about 1%. Although the number of
these particles is not high, but the energy contributes by

them is about 16¥ of the energy of the whole cosmic rays flux,
It i important tc¢ know more fully composition of the primary
fluxe Information on composition of cosmic rays, in particular,
is of considerable value for the answer to the questiong

where and how such high energy particles are produeéd.

Quite a lot of information on the composition of
primary cosmic rays was obtained as a .esult of liftine
instrument on sounding balloons. Hovever, it ia'impossible
to vbtain a wﬁole series of lata on the primary composition by
conducting measurement in the stratosphere, sinc~ even a
negligible layer of substance, which i3 always present above
the device, changes composition of comsmic rays. Upto nmow it is
unknown, whether the cosmic rays contain by appreciable number

of heavier elements nuclei, than those of iron.

Setting up on artificial satellite of device for recording
heavy elements nuclei makes it possible to get an answer to
this important question for science. The main detail of this
device is the so called Cherenkov's counter. The action of the
connter is based on the use of Cherenkov radiation, originating
in the case, if the charged particle moves in substanc® at speed,

exceeding the speed of light in this mediume
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An importunt property of Cherenkov rudiation is that
the intereity of light flare, generated .u the substance with
the pascage of particles, is proportional to the square of
charge of the particle. Horeover tie particles, moving at
speed less than the speed of light in the substance, do not
radiate light. This property of the Cherenkov radiation

permits to use it for the recording of charged particles,their

charge determination and separation froum the whole flux of

particles only those with sufficiently high speed.

Phe Cherenkov counter consists of plexiglass detector-
cylinder, attached to the end of which is a photoelectric
multiplier. while passing through detector the particle of
cosmic rays with velocity close to 300 thous. km/sec, generates
in it the Cherenkov radiation. The velocity of light in the
plexiglass is about 200 thous. km/séc. and hence the conditions

are there for the generation of Cherenkov radiation.

The light, radiated in detector, is absorbed by the
photomultiplier, wiich converts it into eleciric signal and
amplifies it upto a degree, required for the operation of device.
The device sorts out all signals into two groups, corresponding
to the flight through detector of particles with charge over 30
and particles with charge over 17. With each flight of particle
through Cherenkov =zounter the signal is given regarding which

group of nucleus has paesed through the device.




(119)

Investigation of the solar corpuscviar radistions

The solar electromagnetic radiat on encompasses infrared,
visible, ultraviolet and X-ray regions of the spectrum. Sometimes
ejected from the Sun into interplanetary space is ionized gas,
consisting of electrons and ions. With removal from the Sun
& portion of ions becomes neutralized, i.e. converted into
ordinary atoms. The particles erupted from the Sun are usually
denoted as corpuscular radiation of the Sun. Jointly with the
corpuscular flux propagate the related magnetic fields. From
varidus estimates the corpuscles in the vicnity of the Earth
have velocity in the oraer of several thousands kiiomotera per

geconde

During the passase ot corpuscular flux near the Earth
there is origination of-magnetic disturbances, the most intensive
of which are called the magnetic storms, Simulteneously there
is emergence of polar lights. With penetration of corpuscles
into atmosphere its ionization increases both in the upper and
lower layers. increased ionization in the lower denser layers
results in disruption of radic-communication, since there is
intensive absorption of radio~waves. Corpuscular intrusions
.re wccompanied by disturbance of thermal conditions in the

‘upper atmosphere.
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The majority of the melar corpuancles in charged particles.
‘"hege corpuscles penetrcic into atmosphere most frequently in
the vicinity of zeomagnetic poles of the utarth in polar regienoce.
Due to the curvature of the trajectoriea in magnetic fields the
charged particles penotrate algo into the night gide of the
Earth, close to polar zonec. Corpuscular intrusions taie
place also in moderate latitudes, but here their intensity
ic lower. The neutral corpuscles could penetrate unhindered into

any place of the Globe.

Information regarding the corpuscular radiation of the
Sun is too meagre, and its nature and properties are little
knowne. Until quite recently the main information on corpuscular
radiation of the Sun was derived from the observations of polar

lights.

The artificial Earth satellites are an effective means
for investigating the corpuscular radiation of the_Sun. The
present time is specially favorable for this investigation, as
the corpuscular radiation is intensified due to the rise in

solar activityl

.

Set up on the satellite are two indicators of corpuscles.
These indicators are flourescent screens, covered by thin
aluminium foil of various thickness. In this way a rough
sorting of corpuacles according to their penetration capacity

is obtained.
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@4§w i Placed in front of the fluorescent screens are diaphragms,
which 1limit the esolid angle of the capture of corpuscles. Under

Z*" the effect of the corpuscles the fluorescent s~reens glow, in a
similar way as the television screen glovws when irradiated by
electronic ray. JLhe radiation of the screen is absorbed by
photoelectric multiplier. Its signal is "memorised" by a

special device and then transmitted to the Earth by radiotelemetric

system,

By means of this apparatus it will Le possible to obtain
valuable data on geographical, altitude and diurnal distribution
of corpuscular fluxe. For direction investigation of corpuscles
arrival the ugse is made of the satellites rotation. The Earth's
magnet.. field has the capacity to reflect the charged corpuscles

and force them to follow spiral paths along the magnetic lines

of forces The neutral corpuscles may shift along the rectilinear

trajectories. These observations will provide additional material

ior judgi.g the nature of corpusclee.

Besides the recordiaz of corpuscular radiation of the
Sun the apparatus permi%s to obtain additionally the data on
its X-ray radiation, which will be recorded by corpuscle

indicators. It will be posasible to distinguish this radiation

2
%
u.

from the vorpuscular ome by the direction of its arrival and by

the absence of reflection from the Earth's surface. Moreover,

it could be marked by the time of app2arance, as the corpuscular
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radiation propagatec sclower than the electromagnetic radiations.

Atmospheric prescure and density measurements:

One of the most important geophysical investigations of the
upper atmosphere is the study of pressure and deneity variation
with altitude. With these two parameters known, the atmospheric

temperature may alsd be determined at high altitudes.

Until recently this study was limited to comparatively
low altitudes, and it is only the high altitude rockets which
have made it possible to measure the pressure and density in
the upper atmospheric layers. At an altitude of 100 km the
pressure aznd density are approximately ten milliom times lower
than on Earth. Single rocket measurements are available for
aititude above 100 km, but these are hardly in agreement with
indirect data. An essential shortcoming of the rocket measurements
is their short duration and the fact, that they are carried out

at particular points of the Earth's surface.

It is extremely important for geophysice to have data
on the density and pressure of the upper atmospheric layers at
every latitude and longitude, by carrying out measurements for

& prolonged time.

The use of the outellites provides the possibility for
confir.ing and extending the available concepte regarding the

structure of the atmos»rhere. The prolonged presence of device
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at high altitude and comparison of measurement results from turn to
turn will enable to conduct a detailed analysis of experimental

data and to exclude the possible errors of the test.

With sufficient accuracy of experiment it will also be
possible to evaluate diurnal end latitudinal variations of
density and pressure at high altitudes, where the satellite

is flylng.

Pressure gauges, set up on the out;ide of the satellite,
is connected to the apparatus from inside., Pressure gauging
at the satellite in the range of 10=5 = 13-7 mm of Hg is conducted
by magnetic pressure gauge, and in the range 10"6 - 10'9 ne Hg -

by ionization gauge.

Micrometeor investigation:

It is a known fact, that in the space between the planets
there is a motion of fine solid particles - micrometeors. When
the enter into Earth atmosphere they are burnt. And the noticeable
glow, discoverable visually or through telescope, is caused only
by comparatively large particles. The finest and, a8 may be

assumed, the most numerous particles of a few microns in ¢ross-

section, sause such an ineignificant glow, that it can neither be
discovered by optical means nor by any means of chservations from

the ground.

Rediolocation observations have fixed, that micrometeors,
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invading Earth atmosphere at very high velocities of upto

70 km/sec, cause ionization of air molecules during their
motion in the atmosphere. Following the flying particles is

a wake of charged particles - electrons and ions, which is
discovered by radio-locator, Nevertheless even this method
does not permit to study the finest ox the micrometeors. At
present these particles could be studied only by means of
apparatus, lifted on rockets and, in particular, on artificial

Earth satellites.

Study of the interplanetary matter is of essential
value to astronomy, grophysics and astronautics, and also for
resolving problems of evolution and origin of planetary systems,
since it permits to elucidate a number of problems, essential

for the present-day cosmogonic theories.

DISCOVERIES,WHICH EXTEND KNOWLEDGE OF THE UNIVERSE:

Some results of the scientific investigations on the
third Soviet artificial Earth satellite,

In accordance with the program of the International
Geophysical Year a large amount uf work was carried out in
the Soviet Union c¢a investigation of the upper atmosphere

and cosmic space by means of artificial Earth satellites.

At the Universal Assenbly of the Special Committee of the

International Geophysical Year held in Mogscow, great attention
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was paid to the papers of Soviet scientists, dealing with the
study of the motion of Barth satellites, parameter gauging
of atmosphere - pressure, density and temperature in its

upper layers, investigation of cosmic rays, magnetic field

of Barth, corpuscular radiation of the Sun, micrometeors,
study of the performance of solar silicon battieries, vital
activity of live organisms in conditions of cosmic flight and

; a number of other problems.

Discussion at the Assembly of operations, conducted on
the artificial Earth satellites, has shown, that Soviet science
has progressed into the front line of World science in the
sphere of investigations on rockets and satellites. Considerable

weig@t of the Soviet Earth.satellites enabled to arrange on their

board numerous composite scientific apparatus. The high constructive

specifications of the Soviet artificial satellites assured normel

; working conditions of the apparatus on board. All devices
i of
operated at preset temperaturelps-azoc. The whole set of operations

was fully sutomatized. All devices were cut-in and cut-off by

means of a special programming device. Analysis of: radiotelemetric

recording shows, that the whole scientific apparatus on the third

artificial sstellite operated normally and the glanned program of
scientific measurements has been fully implemented.

Study of the motion of artificial Earth satellites has made
it poecsible also to obtain very valuable and interesting data

; : regardirg alir density at the altitude of the satellites flight and

a whole series of data on special features of their motion.
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Dynamic effects in the motion of artificial Earth satellites:

The orbit of the artificial satellite is determined by
a number of parameters: distance from the centre of the Earth
to the most distant point of the orbit (apogee), distance to
the point nearest to Earth centre (perigee), inclination or
orbit i - angle between the orbit plane and the plane of the
Earth's equator, longitude of ascending node s which determines
the angular distance from the ‘nvariably directed into point
of vernal equinox axis CX %o the intersection line 6f orbital
and equatorial planes, and also by the angular distance of

perigee from the orbital angle of ascent (Fig. 10).

If the Barth vas a uniform sphere and there was no
atmospheric effect on the motion of satellite, the orbit woeld
have remained invariable in space, i.e., tkLe angle i, oW and
distances to perigee and apogee of the orbit would have remained
invariable, moreover the Earth, in fits diurnal rotation would

have been spinning ip such an orbit as in a ring.

Mainly two types of disturbances affect variation of the
satellite's orbit. It is the difference of the Earth's gravitational -
field ( the field of Earth attraction) from the field due to a
uniform sphere and the atmospheric effect. The first of these
factors results in position change of the orbit in space. With

this in the first approximation the inolinastion of orbit remains
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invariable, but there is change in angles and .« Thus, for
instance, for the first, second and third Soviet satellites

the angle varied at the start of their motion by 3.157,

2.663 and 2.525 degrees per day in direction east to west.

At the same time there was a gra'ual shifting of perigee
southward, i.e. change in the angl. , which was 0.432 and
0.407 degrees for the first and second satellites and 0.326
degrees for the third. Since the variation rate of these
parameters depends on the nature of the Earth's gravitational
field, it seems possible to confirm the characteristics of

the gravitational field. At present the knowledge of the
Earth's gravitational field is in such a state, that confirmation
of its parameters from the observed evolution of the satellites

orbit requires very careful observations for a 1093 time.

/ : 1
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Fige 10 = 1. orbit plane; 2. direction to ﬁerigee;
3+ line of nodes; 4. equator plane,
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With the motion in Earth's atmosphere the artificial
satollite encounter air resistance. This resistance also causes
change of the orbit. The mean radius of the satellite's orbvit
becomes smaller, moreover for elliptical orbit its change ie
mainly due to reduced altitude of apogee. Decrease in the
altitude of perigee is considerably slower. In time the

ortit of the satellite gradually approaches circular.

Thus, for instance, for the second satellite altitude
of perigee above the Earth's surface during 1500 revolutions
changed approxfmately by 25 km, and the altitude of apogee =
by more than 500 km.

The shorter path, which the satellite has to traverse
during one revolution, and some increment in the velocity of
jite motion in approaching the Earth's surface results in that the
time of revolution period gradually decreases. The variation
rate of period depends on the magnitude of resistance force,
and the higher is the density of air at altitudes of the
satellite's orbit, the greater will be the force of resistance.
The direct bond between variation of the satellite's orbit
and, in particular, change in period of its revolution and
density of atmosphere permits to determine from the analysis

of period changes the density of atmosphere.

Air density at altitudes above 200 km im :lllions of times

e v 5 s s 1 ¢ B o ! - _._‘W,;_
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| less, than on the Earth's surface. Therefore the resistance
force there is very low. Change in period of one revolution
i is measured by the tenth fractions of a second. Thus, for

i instance, change in period during one day at the start of the

motion for the first satellite was 1.8 sec., for the second

% satellite - 3.08 sec., for the third - 0.75 sec. In order to

i ;} reduce the possible error in determining change in the revolution
r}m; g period, methods of mathematic processing of a very large number
o % of measurements are appnlied. High number of observations

; permit. to define incidental erroneous measurements and to
determine with high accuracy the evolution of the satellite's
orbit. Thus, from the first satellite 60,000 of radirtechnical
and 400 optical measurements were processed, from the second

Ef; ; | satellite 12,800 radiotechnical and 2000 optical. And tens of

| thousands of measurements were already processed from the third

satellite.

Density determination of atmosphere from the obaservable
retardation of satellites requires knowledge of their aerodynamic
= : factorse The value of aerodynamic¢ resistance factor depends on

| the shape of the satellite, nature of the air molecules reflecction,
and also on the orientation of satellite in relation to
oncoming flow. For estimation of aerodynamic factors results
" i of the rarefied gases dynamics were used. The motion of the

- i satellite depending upon its center of gravity wae studied.
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If there was no atmospheric effect and other disturbing factors,
the motion of satellite with a symaetry axis would have been
& regular precession, i.e. the satellite would have been revolving
uniformly around its longitudinal axis, which in tura would have
been rotating around another axis (precession axis), stationary

in space.

Under the effect of the atqosphere and gravitational field
of the Earth the motion of satellite nmar the gravity center
becomes more complex; the longitudinal axis of the satellite
revolves near the precession axis, the position of which in space
gradually varies with time in accordance with certain laws,
varying for different satellites. Moreover, under the effect of
electromagnetic forces the rotation speed of the satellite
decreases. Analysis of test results on investigation of eolar
radiation enabled to draw some conclusions regarding the motion
close to the gravity center of the second satellite at the start
of its existence. The second satellite performed preceassion
close to the axis, which had with the longitudinal axis of
satellite an angle of 86°, The precession period was about
206 sec. A number of conclusions regarding the rotation of
satellites was possible to draw from the observed variation period

of their luminosity.

Magnpsometer set up on the third satellite fixes posiiion
of some of the satellite axes in relation to magnetic field of
the Earth. Processing of magnetometer's reading permits to
calculate quite accurately orientation of the satellite in space

and the characteristics of ite rotation.
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Knowledge of orientation ie required for the correct
analysi.s of measuring results by devices, set up on the third

? satellite. Moreover, calculation of the satellite's orientation

permits to check & number of theoretical deductions, made
previously of its motion close to the gravity oenter. The obtained
tentative results show, that the motion regime of the third
satellite was also close to that of regular precession, moreover
the longitudinal axis of the satellite is at an angle of 84° to
precession axis. The precession period is approximately 140
seconds, and the period of satellite's rotation close to its
longitudinal axis is about 18 minutes. Change in the direction

of precession axis in spacdé was also defined.

The atmosphere at a given altitude from the Earth's
surface could be characterized by two parameters - its density
and altitude of homogeneous atmosphere, The altitude of the
homogeneous atmosphere is directly proportional to air temperature
and inversely proportional to its molecular weight. Thus, close

to the Earth's surface, where the average mass of molecules is

4,8-10"23 grams, and temperature is 273 degrees on absolute
scale, altitude of the homogeneous atmosphere is 7.9 km. The
reduction rate of density with altitude depends on this
paremeter., The lower is the altitude of the homogeneous
atmosphere, i.e. the lower is the air temnerature and the higher
is its molecular weight, the higher is ‘he rate of atmospheric
density reduction with altitude. Satellite in motion along the
orbit passes at various altitudes frcm the Earth's surface and

the resistance force varies.
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“heoretical analysic showg, that the variation rate of
the aatellise's revolution period is determined mainly by
the product of atmospheric density by the square root from
altitude of homogeneous atmosphere at the altitude of the point

of orbit nearest to Earth.

As_a result of the analysis of satellites retardation

averare density was determined at the altitude of the orbit's

perigee ( 226-228 km), which was found to be equivalent t>

taree ten-millionth grais in one cubic metre. This veluw

exceeds about 5-10 times those, which previously adopted in a
pumber of atmosphere models, composed on the basis of theoretical

processing of the rocket observations.

During the life-time of the satellite the point of orbit
nearest to barth shifts in space: has its appreach to Earth
under the effect of the atmospheric resistance to the motion
of satellite and variation of its latitude and longitude.
Position compariscn cf the nearest to Barth point of orb®. and
the observed at the same time retardation of the satellite permits
to deteramine the characteristics of the wutmosphere above the
points of the arth's surface different in sun-light and latitudes.
As a rosult of the analysic of rotardation of the first two
Joviet satellitcs it was defined, that with transition of orbit's
perigee from the night-side to dayl’ght the braking varies

in a way, that the determinable i roduct of atmosphe: ic density
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by the oquare root out of the altitude of homo;eneous atmosplere

inereases by 20=30%.

Tentative analysis of the third satellite's retardution
has made it possible to dJdefine the diurnal variations even
more clearly; with transition of perigee from mid-day atmosphere
to the night atmosphere there is decreuse in the product of
atmospheric density by an amount more than one and a half
times of the square root of the homogeneous atmosphere altitude
retardation analysis of the sccond satellite also defined
reduction in the atmospheric density with transition from
northern latitudes to southern. further study of the third
satellite's retardation will make it possible to confirm
quantitative conformities of diurnal wnd latitudinal variations

of the atmospheric parameters. Using data on atmosphere,obtained

by means of the artificial satellites, it will be possible to

plot a model of atmospheric density distribution within a wide

range of altitudes.

Result of atmospheric density gauging:

Pressure gaugin: on the third Soviet artificial Earth
satellite in sections of orbit vith lowest altitudes was conducted
by special magnetic electro-diccharging pressure gauges within
10" - 10~7 mm Hg, snd in sections of orbit with high altitudes

in the interval 107 = 10~ mm Hege

The pressure gauges, set up on the third catellite, were

arranged on the body and hLad contact with the surrounding space.
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Some tine nfter the exit of the satellite into orbit the

gauges were opened by a special breaking meehanism, and their
hollows filled with molecules of surrounding matter. In the
thermo-ionization gauge molecules fallen into ito cavity

collide with electrons emitted by cathode (incendescent wolframium
filament) of the gauge. 4s a result of collision the molecules
become ionized and the forming vositive ions are collected

on the electrode grid (collector), which is negatively charged.
The number of positive ions is proportional to the number of
electrons, flying per unit of time from cathode to anode. The
measure of the gas pressure will be the intensity of ionic current

taken off the collector.

In the magnetic electro-discharging vressure gauge the free
electrons, fallen jointly with gas molecules into its cavity,
are twisted around the magnetic lines of force of the comstant
magnetic field, which is induced between the anode and cathode
from the constant magnet. Collidin. with molecules the electrons
induce their ionization, as a result of whic: there is dischi.rge
curirent in the carcuii »f tr¢ pressure gauge proportional to the

amount of formed ionse.

The use of ordinary gauges for measuring pressure of the
indicated range in ionized medium is ilmpossible, as the currents,
formed in the guage by the ions present in free atmosphere and

electrons, are comparsble with currents in gauges, which are the

measure for the astmospheric preasure,
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Therefore in ilonizatien gauges, applied for presagure
g;uging in ionized matter, these currents are divided by means
of spgcial shields and traps and the measuring is only of
currents, which are the measure for pressure., ~The current of
the gauge is amplified by direct current amplifier and fed
into telemetric input. Throughout the satellite's flight there
is continuous recording of the icnic current in the gauge,
jntermittent calibration of amplifiers, recording of the

emission currents of tiie gauge, temperature measuring of the

gauge's walle

Atmospheric pressure and densily gauging at hich altitude
is an extremely complex problem. Prior to the accomplish@ent
of the experiment the possibility of pressure gauging on

satellites by means of pressure gauges was even disputed.

Special attention was vaid to determination of the sapellite's
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cas generation. The process of gasoing is specified by the
fact, that gases may be present on the surface of the satellite
captured from the lower layersc of the atmospheres This process
could be quite active due to the low density of the surrounding
mediume Moreover, if the satellite itself is not sufficiently
air-tight, gassing is pessible from incide the satellite.

All this may cause aporeciable distortions in the reading of

the pressure gauge. In order to eliminate the effect of gassing

on the reading of the vressure gauge an extensive work was

conducted on tise determinatior of various constructive material
degasing and the build-up of high-quality air-tightness of the
satellite. On the basis of these investigations and calculations
the selection was made of material for the conmstructior of the

satellite and requirements determined of its air-tightness.

’
Atmospheric pressure and density are complex functions
of the pressure gauge reading, velocity of satellite, its
orientation in space, composition and temperature of gas in

atmosphere and in the pressure gauge.

In order to provide reliability and control of the gauges
operation the third Soviet satellite had two thermo-ionization
and one magnetic gauge o In accordance with the program, the
measurements vere conducted for a week. During this time pressure
and density of the atmosphere were measured at various geopraphical

latitudes, longitudes and altitudes.

Analysis of the processed material shows, that density at
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altitude 266 km is ten billion times lower than on the Earth's

suriace, and with the increment of altitude by 100 km morej;g

decreases acain 10~12 times. These results are consistent with

density detevmination from the retardation of satellites.

Determination of the Icnic coggosition of ionosghore:

Set up on the third Soviet artificial Earth satellite
was & device for the ionic composition investigation of
ionosphere.~ radio-frequency mass-spectrometer, designed for
mass spectrum determination of positive ions, present in the

-

Earth's ionosphere.

The most important characteristic of guses in the composition
of atmosphere ( as of all the existing chemical elements
generally), is their atomic and molecular weight, which are
uasually expressed in arbitrary units, tie so called atomic
mass units. The atomic mass unit is 1/16 of the oxygen atom

weight .

By anulysing molecular and atomic weight of various
compounds and mixtures it is possible to deduce their chemical

eomposition.

The principle used in the radiofrequency maas~-spectrometer
is the division of ions by velocities. The main detail of
device is the spectrometric t:be, which is electro-vaccun lamp
of special construction with a high number of plane-paralleil
grids. Beyond the grids ic a collector - metal plate, which collects
sons entering into mass-spectrometric tube after they pessed through
all the grids.
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Ihe tube's electrodes are fed with various direct and
alternate voltagea. They are selected in a way, that the
collector may be reached only by those ions, which passed

through the tube at certain optimum velocity.

when the ions reach the collector, an impulse is generated
in its circuit. Mass number of ions, corresponding to each
impulse, can be determined by comparing the recording of the
mass spectrum with recordings of mass-spectrometer accelerating

voltage. New data has been obtained on ionic composition of

ionosphere in a wide range of altitudes from 230 to 950 kme.

The experiment conducted has shown, that predominant in
this region of ionosphere are the ions of elementary oxygen. The
ions were also recorded of elementary nitrogen, but in a
considerably lower quantity (3-7% of the oxygen ions). No ions
were discovered of molecular oxygen and nitrogen. Besides those
indicated, mass-spectrometer has recorded at the start of the
flight the ions water vapor.. Careful analysis of obtained data
indicates, that this water owes its presence to the satellite
itself, which has brought it on its surface into the upper
layers of atmosphere. However the fact of the evaporating water
veapors in the upper atmosphere remains mysterious.

Very interesting from the biological point of view are the
results of discoverip; appreciable guantity of ions at altitudes

of about 1000 km, where according to the 0ld concepts the Earth's

atmosphere changes into interplanetary gas.
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Fige 12 = Apparatus for measuring ionic composition
(mass-spectrometric tube and electronic block).

Measurements on the satellite show, that atmosphere with

perceptible density extends to considerably greater altitudes,

than it was previously assumed.

Determination of the upper atmosphere degree of ionization:

Electrons, forming in the upper atmosphere with ionization,
Play an important role in the propagation of radio-waves to great
distances. The upper atmosphere layers with high content of
electrons are like mirrors, which reflect radio-waves and thereby
ensure their propagation Beyond the direct visibility. Trajectories
of radio-waves, which pass through these layer, become curved.
Until now the ionization of the upper atmosphere was investigated
by reflection from ionized layers of radio-waves, sent out by
special redio-probing stationa; However, in that way it was

possgible to investigate only regions below that with maximum
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content of electrons, i.e. upto altitnde of 300 km. Higher
layer were found to be inaccessible for this inveatigation

method.

By means of a geophysical rocket of the Academy of
Sciences of USSR, launched 28th FPob.1958, it was possible to
elevate radio-transmitters above the region with maximum
jonization. Investigation of their radio-signals, received
by ground stations, permitted to determine concentration of
electrons upto altitude of 473 km. It was found, that above the
maximum of ionization the electronic concentration drops very
gradually. From altitude of 290 km, where it is maximum, to

altitude of 473 km it drops by not' more than half.

The third ertificial satellite was equipped with a special
apparatus, having traps of positive ions. It permits to determine
spatial and time variations of jonization. Above the surface of
the satellite were set up two reticular spherical ion traps,
jnside which was a spherical collector at negative potential
in relation to the satellite's shell. The reticular sheath of
the traps were periodically fed with short voltage impulses
relatively to satellite body. During this volt=-amper curves
were taken of the current passing through collector trap, from
the potential of its reticular sheath. Processing of these
volt-amper curves permits to determine, besides the positive ions
concentration, the satellite's potential in relationm to surrounding
matter, which in turn permits to estimate temperature of electrons ’

in the upper atmosphere.
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Very extensive material was obtained by means of the
third satellite. It was fixed, that ionizgtion distribution
is similar to those data, which were obtained by means of
rockets. However, since the recording by means of satellites
was car.ied on for longer time and above various areas of the
Earth, the obtained material is more extensive, than the few
rocket,data. These results are of considerable interest. Thus,
it was found, that the temperature of ionospheric electrons
is rmuch higher, than that of neutral particles and ions
at these altitudes. This is unexpected result, which requires
further study and explanation. Just now it is only possible to
put forward various hypotheses to explain this previously
unknown phenozenon in the upper atmosphere, It is quite possible,
that the high electronic temperature is due to existence of
variable geomagnetic fields. Further study of this phenomenon

will enable to comprehend better the laws, controlling ionospheric

processes.

The measured negative potential of the satellite at altitude

795 km during daytime was found to be about 6 volts, and the

concentration of positive ions at the same altitude - in the

order of 160 thousands of ions per cu.cm. At an altitude of 242 km

the potential of th: satellite was about 7 volts, and the con-

centration - half a million ions in a oubic cm.

ot

Measurenents of electrostatic fields:

Meacurements of the intrinsic electric charge of the

satellite and intensity of electrostatic fields in the upper
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layers of the atmosphere were conducted by means of two
electrostatic fluxmeters (hichly sensitive electrometriec
devices), data units of which were set up at symmetrical
points on the surface of the satellite. Each of the data
units consists of insulated measuring plate, which opens and
closes 1500 times per second by means ¢f a special shield,

connected with the satellite's body.

In the presence both of the external electrostatic
field and intrinsic charge, there is flow from the rlate of
current, which on resistance, connecting measuring plate with
the satellite body, induces variable voltage, proportional to
meagsurable quantities. This voltage after amplification and
rectification, done b means of two-channel electronies block
is fed into the input of telemeter. By means of control
signals from the programming device it was possible to check

during the flight of the satellite functioning of the instrument.,

Since the external electrostatic field and the field
of iantrinsic charge are added up at She point of one of the
data units, and at point of another data unit substracted,
than from the measurements, conducted by both data units,
it is possible to calculate both the intemsity of the atmosphere's

field and the value of the satellite's intrinsic charge.

Control measurements during the flight o’ the catellite
establich the fact, that the a:plied apparatus was operating

normally.
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Measurements of the satellite's electrogtatic charge
have shown, that the satellite acquires a negative changee.
The intensity of electrostatic field close to the walls of the
satellite was considerably higher than expected. If it is
assumed, that the charging of the satellite is bound with thermal
speed of electrons and concentration is taken into account of
the charged particles obtained from measureme~ts on the satellite,
the temperature of electronic gas at these altitudes should
considerably exceed .he temperature of neutral gas, which

confirms data, obtained by device for measuring concentration

of ions.

Unexpectedly high was found to be tne measured intensity
of the field in the upper layers of the atmosphere. Its value
is at least 10-100 times above the expected., This fact, which
may be the key to understanding many processes in the atmosphere
as, for instance, cau&es of its ionization at night, needs further

experimental checking and detailed studye.

Magnetic measurements:

On the third Soviet artificial Barth satellite were
uccomplished for the first time the geomagnetic measurements,
the nain object of which is the spatial distribution investigation
of the constant magnetic field of Barth at higﬂ.altitudes and
comparison of the spatial distribution of vniform intensity lines

of magnetic field and uniform intensity lines of coemic rayse
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The geomagnetic measureuents on the sntellite is an

extremely difficult problem, since the large number of devices,
set up in it, created considerable difficulties for precise
intensity measurements of magnetic field, connected with
magnetic deviation, induced by the board apparatus. Therefore
it was necessary to take special measures for elimination and
estimate of magnetic deviation. The same condition imposed
certain limitations also on the selection of magnetometer,

by means of which the geomagnetic measurementg were conducted

on the third artificial Egrth satellite.

Fige 13 = Apparatus for measuring magnetic ficld of the
Earth (orientation node and electronic block).

Magnetometer is a device, the measuring uvuait of which is
sutomatically oriented in direction of the totul vector of the

Barth's magnetic field at any orientation of the satellite,
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Ihe measure of magnetic field and its variations is the
compensation curcent, passed through along a coil, set

up on the measuring unit, in such a direction, that it will
fully comgensate the Barth field in a volume, taken up by

the unit.

Twe potentiometric units, set up on the orientation
node of magnetometer, made it possible to determine the
position of the gatellite's body in relation to Earth field

and the speed of its rotation around its own axis.

Magnetometers of this type are less sensitive to
heterogeneities of magnetic field and elect romagnetic interferences.
Heterogeneity of the field and variable interferences affect
the stability and accuracy of magnetometers performance, but

do not prevent formation of the signal.

As a result of obtained material processing it is possible

to draw & nu.ber of conclusions.

FProm the data of potentiometric units of the magnetometer's

orientation node it is possible to obtain the exact motion
pattern of the satellite close to its own gravity centrees The
satellite, rotaﬁing around its own axis with speed of about

0.36 degrees per second, performs st the same time precession
movement around the axis stationary in space with period of 140
seconds. From the available data it is possible to determine the

absolute orientation of the satellite in space with respect to the
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determined system of coordinates.

bue to precession nature of the satellite’s motion it
seems possible to exclude the basgic part of the deviation
error, bound with the apparatus, which surrounds the magnetometer,
This effect of the board apparatus was determined experimentslly
in laboratory conditions. Knowing the maximum magnetic deviation,
it may be assumed, that the satellite's magnetometer mcasures
realistically the intensity of the Earth's magnetic field and
projection of the magnetic interference vector for direction

of the barth's magnetic field.

Analysis of magnetograms, pertaining to the territory
of East-Siberian magnetic anomaly, shows, that this anomally
dampens with altitude very gradually. This experimental fact
goes against the geophysical hypotheses, based on the assumption,
that the sources of this continental anomally lie within the top

layers oi earth cruct.

Revision of material permits tv discover also singular
points characterised by comparatively brief, but quick variations
of magnetic field. In time they coincide with the passage

of the satellite through layer F, of ionosphere,

2

Ihere are grounds for assuming, that the discovered quick
variations ~f magnetic field may be connected with the assumed

current systems in the upper layers of the atmosphere. The
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authenticity of this assumption should be checked by analysis
and statistics of the whole experimental material. Tho question
regarding the reality of current systeme existence hac an
excoptional significance for many problems of geophysice and

astrophysica.

Investigation of metevric particles:

For investigation of meteoric particles on the third
Soviet satellite the application was of apparatus, which peramits-
to record both the aumber of particles impact on the surfase »f

apparatus and their energy.

Meteoric particle, rushing at speed of 11-70 kn/sec, when
falling into an obstacle - measuring device - explodes. Therefore
its impulse cannot be measured, and the impulse, which is recorded,

is of the data unit material, ejected with expiosion.

Theoretical estimate has shown, that for high speed impulse,
obtained by the measuring device with explosion, is proportional
to the energy of meteoric particle and depends on material of

the unit's surface.

Impulse measuring vwas accomplished by means of ballistic:
piezoelectric pickup, which i8 a massive plate, suspended on &

flat spring, connected with vhich are four piusoelectric cells

of ammonium phosphate.

The shifting of plate under the impact of meteoric partiocle

——r oson s -
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causes deformation of piezoelectric cells with issue of electric
voltage in the form of short-period damping oscillations,
recorded by tranoformer amplifier, which ostimstes the pumber

of impulses in separate amplitude intervals.

The piezoelectric pickups measure impulse acting om their
surface in the range from 0.1 to 1000 grams per centimeter per
second., The ultimate sensitivity of the measuring apparatus
permits to record impacis of meteoric particles with macses
of one billionth fraction of a gram at average speed of 40 ko

per second.

Piegzoelectric pickups with total area of B4O sqe.cme recorded
on an average one impact for over 100 sec. This corresponds to
density of meteoric matter less than ten-billionth fraction of
gram per second per square metre of surface. Besides this density
of meteoric matter the recording was also of brief high increment
of the number of impacts, reaching several scores per 8q.m. in
second. The recorded meteoric particles and energies in the

order of ten thousands ergse.

Study of coanlic rays:

The study of cosmic radiation provides the poseibility
of obtaining progressively ncw information regarding the inception
of particles with very high energiea. Even the first tests
on the second artificial Earth satellite on the study of cosmic

raye produced inieresting results. On the third satellite the
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devices for cosmic rays atudy were more complex and made it
possible to record, besides the charged perticles, photons and

heavy atomic nuclei in the coemic radiation.

The luminescent counter on board permitted to record
photons with high effectivity. The main section of device was
the photoelectric multiplier, connected with sodium jodide
crystal. Thia device was attached to radio-transmitter "Mayak",
which transmitted into other the data on total ionization in
cerystal and counted nuaber of impulses, corresponding to energy
of over thirty five thousands electric volts separated in the
crystal. These values were transmitted by changing duration

of signals sent out by "Mayak'.

The luminesce.t counter has recorded sudden change in the
nunmber of photons on reaching about 60°N. Initially with the
motion south to north the intensity composed 300-500 photons
per second, thereafter it sharply increased. With the motion
north to south, on the contrary, initially the inteneity was
very high, but on reaching the mentioned latitude it quickly
decreased. This change indicates, that above 60°N there is a
new intengive source of photonse This latitude is near the
gone of polar lig' .s, and it is only natural to explain this

phenomenon as cnnnected with the polar lights.

If composition of partiocles, causing the northern lights,
includes electrons with energy of some hundreds of thousands

elsctron volts, tha falling of these electrons on the sheathing
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of satellite results in formation of rigid X-ray radiation,

recordable by scintillation counter,

Measurements-have shown, that even higher intensity flux
of charged particles ies obgerved in the area of equator.
The intensity of this flux sharply increases with sltitude and
on approaching the equator. The number of particles in this
flux is very high. It is thousand timee the number of particles

in the cosmic rays fluxe.

Thus, it is found, that the Earth is as though surrounded
by an aureole of quickly moving particles, held-in by the Earth's

magnetic field.

Similar phenomena may be observed in other heavenly bodies

with magnetic field.

Device for measuring the amount of heavy atomic nuclei in
primary cosmic radiation, set up on the third Soviet satellite,
recorded nuclei, starting with charge of over 16, and for another
group of nuclei - with charge of over 30, Counter used in
device consisted of photoelectric multiplier and plexiglass
detector. This counter recorded only the atonic nuclei with
energy exceeding 300 million electric volts per component part

of the nucleus (protom or neutron).

On the basis of processing the reading of device the numbey
of atomic nuclei with charge of over 16 was estimated in individual

time intervals. Average numbercsf these atomic nuclei composed.
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1.2 nucleus per minute. There was only one case of nucleus
recording with charge over 30, These data are most essential

for developing theory of the cusmic rays origin.

According to the data obtained in performance of the
counter, the number of atomic nuclei heavier than iron in
cosmic radiation was found to be approximately tem thousand times
lower in comparison to the number of iron, nicked and cobalt

nuclei.

Composition and ratio of varicus atomic nuclei in cosmic
radiation is, generally speaking, bound with abundance of
chemical components in the Universe. T:ntative results, obtained
on the third satellite, confirm the opinion, vhat flux ratio
of very heavy nuclei with charge of over 30 and of those with
charge over 16 corresponde approximately to the ratio for these
nuclei, taken fiom the data of the composition analysis of

planets, stars and metegrites..

investigation of corpuscular radiation:

The ionization of the upper atmosphere is usually caused
by the rigid electromagnetic radiation of the Sun. However, it
hes been established, that additional ionization originates from

the corpuscles = faot protons, alpha=particles, electrons,

eto. The effect of corpuscles is more intensive at high geomagnetic

latitudes. I their penetration is accomplished at night, then

simultanecously with increased ionization there is the development
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of the so called polar lights. It was fixed from the spectrun
of polar lights, that amohg the corpuscles are also particles
such as ions and hydrogen atoms, helium atome. A nuamber of
polar lights spectra could have been explained electrons not
very fast. Study of the polar lights permitted to assume,
that in the outer Earth atmoasphere due to variable magnetio
field, induced by the interplanetary matter and cospuscular
flux of the Sun, the intrinsic atmospheric electrons may
accelerate, With irradiation byvtheao accelerated electrons of
the satellite's body there.should have originated X-rays and

these were recorded by the scintilation counter.

For recording of corpuscles on the third artificial Earth
satellite the applination was of fluorescent screens, similar
to those, in cinescopes of television. These screens were
covered by aluminium foil of different thickemess. Radiation
of the screens was recorded by photoeclectric multipliers.

Their signal was transmitted to memorising telemetric device.

By means of this apparatus recordings were made of high intensity
electronic flux. Sometimes the intensity was so high, that it
oxceeded the wpper meausirng limits of the apparatus. In these
conditfons the reading of the device was off-scale. There

were soldom no signals on the threshold of sensitivity. When

the apparatuo was not off-scale it was posasible to assume fros
the signal ratio from indicators with various thi.ckness of

foil, that the energy of electrons wac upto 10 thousands of

eleotron volts. At the moment of device being "off-scale' the
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energy could have been even higher. If the electrons are
assigned the above energy, the flov of energy at the threshold
of sensitivity composed one millionth fraction of the total
solar energy, falling onto ome square centimeitre of earth
surface. At the "off-scale" moment of device this energy
increased to one thousandth trgction. The intensity of
electronic flux continuously varied: it increased with altitude
and above high geomagnetic latitudes. These electrons could
not be the direct solar corpuscles, since their speed is many
times that, fixed for solar corpuscles from the observation
of polar lights. They could most likely be explained by the
above acceleration of electrons in the outer atmosphere due

to variable magnetic fields.

It ie not without interest to mention, that the device
for reccrding of cosmic photons could not register these
particles due to high-intemsity interference with X-rays,
produced by the irradiation of satellite’s body by hard electroms.
This device instead of giving information regarding cosmiec
photons provided valuable additional information regarding
particularly the hard electrons of the outer atmosphere, the

existence of which previously was a subject of critical doubt.

The discovered phenomenon is of considerable interest for
the phyeics of the upper atmosphere. It may oxplain a number
of anomalies in ionosphere and be the additional source of the

upper atmosphere heating above the polar regions of the Earth.
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Regults of solar batteries per formance.

Prolonged carrying out of many scientific experiments on
the artificial Earth satellite is precluded by the capacity of
current sources. Therefore the experiment of using solar

batteries as a mew source of supply is specially significant.

On the third artificial Earth satellite, besides the
solar batteries; meant for the power supply of radio-transmitter
"Mayak', were also set up experimental solar batteries, which
made it possible to clarify their operating conditions in

cosmic space.

These batteries, consisting of a great number of silicon
photoelectric cells, transform solar radiation directly into
electric power. £Silicon photoelectric cell is a thin plate
(less than 1 mm in thickness) of ultrapure monocrystalline
silicon. "t consists of two regions with opposite conduction

mechaniems. Solar energy conversion factor of the photoelectric

cell is 9-11%, and the voltage of onme cell ies ubout 0.5 volts.

The experimertal solar batteries are arranged on the two
opposite sides of the satellite' body. From their reading
determination wae made of the meteoric erosion rate and temperature
variation of the solar battery im the sun or in the shade.
Observations have shown, yhnt according to estimates the mean
temperature of the silicon transformers fluctuated between 16 and

30°¢C. Thus, with rationally implemented construction there is no
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danger of photoelectric cells being damaged by overheating.

Processing of data, connected with meteoric erosion indicates,

that the wear out of covers, protecting solar batteries is very

gradual and cannot be the cause of their getfing out of order

too quick.

The performance of radio-transmitter "Mayak', energized upto
the present from solar batteries, confirms, that ccsmic irradiation
%ﬁj : is, apparently, of no great danger to solar batteries. Solar
» battery for the power supply to "Mayak™ was disposed in the form

of separate sections on the surface of the satellite. Four small

sections were set up on the forward bottom, four - on the
lateral surface and one - on the rear bottom. All sections were

connected in parallel through diodes.

During the passage of satellite in sun-raye the supply of
radio-transmitter is from the solar batteries. During the motion
of satellite in tke shadow of the Earth the transmitter is fed
from electrochemical sources of current. The change-over from

one power to another is automatice

Positive results of experiment an direct transformation of
solar energy into electric outeide the Earth's atmosphere, conducted
on a large scale on the third Earth satellite, are highly significant
for assuring working conditions for a scientific devices during

a prolonged period.

;;”“mwvfnvww“ e Investigation results, obtained by means of the third Soviet
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artificial Earth satellite, have considerably extended our
knowledge of the upper layers of the atmosphere and adjacent
cosmic space. For the first time with help of the finest
devices Man has conducted investigations in the previously

inacceszeible regions of the Universe.

These investigations have now changed our concepts regarding the

upper layers of the atmosphere.

The highest merit of the Soviet scientists is that they
were able to create powerful satellites, equipped with perfect
scientific apparatus, reliably operating in the conditions of

cogmic flight.

"Pravda", 5 October, 1958.

10,000 REVOLUTIONS AROUND THE EARTH:

By 6 a.m. of April 3 the third artificial satellite
completed $%82 revolutions around the Earth:

To-morrow, the 4th of April, the third Soviet artificial
Barth satellite will complete its tea-thousandth revolution
around the Globe. By then it will fly 446.6 million kelometres,
being in flight 689 days.

The time of existence the third satellite has considerably
exceeded its forerunners. As we kncw, the first in the world

artificial Earth satellite, constructed by Soviet scientists,
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ongineers and workers and which has ushered in a nev era in
the development of science and techaique, existed for 94 days,
completing 1440 revolutions arouid the Earth, snd the second

163 days, completing 2370 revolutions.

The weight of the third satellite - 1327 kg - is almost
sixteen times th'weight of the first satellite, and in its

efficiency the third satellite is unexcelled until nov.

‘ The heavy weight of the third satellite, which enabled to

i set up in it complex and different apparatus, reliability and
stable performance of this apparatus in conditions of launching
and flight, high efficiency of power sources on board made it
possible to accomplish by means of this satellite important

and fine investigations during a prolonged time.

éi Finally, an appreciable grecater altitude at apogee of the
third esatellite in comparisom to the first two enabled to obtain

new data at altitudes, previously never attained.

[

When the third satellite was placed into orbit its altitude
at apogee was 1880 km, at perigee 226 km, and the revolution
period was 105.95 minutes. By the £if£th thousandth revolution,
on the 8th of May, 1959, revolution period of the third setellite
became reduced to 99.51 minutes, and the altitude at apogee

= . | de reased by 605 km, reaching 1275 km.

During the second five thousand revolutions, due to the
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e s g e b e



Je—

s

(158)

motion of satellite in high density layers of the atmosplhere,

changing of its orbital parameters was much faster.

By the 4th of April the period of revolution will get
reduced to 88.60 minutes and the altitude at apogee will come
down to 230 km.

The perigee of the satellite’s orbit will also decrease
considerably, coming down to 165 km. The reduction of orbdit
and its approach to the ciruclar was occurring at particularly

high rate during the last month of the satellite's existence.

From the 28th of March began sharp retardaticon of the
satellite's motion and its entry into considerably denser layers

of the atmosphere.

On the basis of the carried out calculations it is expected,
that the satellite will cesse to exist between 4-6 April of the

current year.

By means of the third Soviet satellite extensive investigations
were conducted of cosmic rays, corpsucular radiation of the Sun,
magnetic field of the Earth, iomosphere structure, distribution
study of density and pressure in the upper layers of atmosphere,

meteoric particles and the propagation of radio-waves.

An important scientific result, obtained in the study of
cosmic radiation by means of the third satellite, was the discovery

of the outer radiation belt and detailed study both of internal




I
o

I )

-

[T

(159)

and outer belts. As we know, the first informationm regarding
the existence of the outer radiation belt of the Earth was

obtained in the flight of the sescond Soviet artificial satellite.

In the flight of the third satellite above the 65° area
of the geomagnetic latitude in the northern and evuthern
hemispheres it intersected the zome of higher radiation,
specified by electrones with energy of tens and hundreds
thousands of electron wvolts. This type of radiation was not
observed in low latitudes and in the areas of geomagnetic
pcles, which is possible only in the case, if the electrones
are locked in a trap, built up by the magnetic field of the
Earth. This conclusion, based on the observations of the third
satellite, was later on confirmed by data, obtained imn the flights:.

of Soviet cosmic rockets.

Even before the launching of the third satellite an
intensive cosmic radiation was discovered above the equatorial
areas. However, what was this radiation and hew it is distributed
in space, wvas at that time unknown. These questions were for the
ficrat time answered by the devices of the third Soviet satellite.
It was proved, that the equatorial internal rediation belt of the
Earth consiasts of portons with energy tens and even hundrelils

of millions of electron volise.

Besides, interesting datc were obtained on distribution

of heavy nuclei in the primary cosmic radiation.
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Apparatus was set up on the third satellite for
; - ' diascovering particles of low energies by means of which it
| was possible to discover the electron flux with energy of about
10 kilovolts. Considerable portion of these electrons is
repelled with motion toward the Earth due to the existence of
a geomagnetic barrier. Electrons, capable of reaching ionospheriec
layers induce additional ionization of heating of the upper
atmosphere. Discogery oftiiis electronic flow: throws a new

light on the nature of polar lights.

New data were obtained by meana of the third satellite
on the constant magnetic field of the Earth., Discovery was
also made of short-duration quick changes of magnetic field.
Because of this, valuable materi$1 was obtained for investigating

the so called current systems of the upper atmosphere.

New data were obtained in the measuremeants of atmospheriec
density. Observation of the third satellite's decelaration
enabled to discover, that density of the upper atmosphere at
levels above 200 km is considerably higher, than previously
assumed, Moreover the braking speed itself of the satellite
was found to be irregular. Variations of the upper atmosphere's
density and temperature were defined. It has established,
that its lighted portion is denser and hotter, than the unlighted,
and that density and temperature of the upper atmosphere above

the high-latitude ureas depend to a considerable extent ¢u the

solar activity.
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The use of improved ionization and magnetic discharging
gauges enabled to determine by direct measurements pressure and
density distribution in the upper atmoephere upto altitude of
500 kme.

The mass-spectrometer measurements on the third satellite
made it poseible to obtain material on iomic composition of

ionssphere in a wide range of altitudes.

Measurements have shown, that deytime at altitudes from
225 to 1000 km the predominance in ionosphere is of elementary
oxygen ions. Discovery vas alco made of molecular ioms of
nitrogen, nitric oxide, oxygen and ioms of elementary aui trogen.
The content of molecular ions quickly daops with increasing
altitude and, starting from 500 km, the ioncsphere becomes
elementary. It was fixed, that composition of ionosphere depends

on latitude.

Prior to the launching of the third satellite direct
concentration measurements of charged particles were conducted
only upto altitude of 470 ka ( on the high-altitude geophysical
rocket of the Academy of Sciences of 3833. launched 21 Fsbruary
1958). By means of ionic traps set up on the third satellite,
determination was made fof the first time of iounic concentration
upto altitude of 1000 km, where it was found to be 60 thousands
of ions per cu.om. Data were obtained regarding dimensions of

ionic heterogeneities at different altitudes.

P o T W G oo I
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Mesoureonents on the third sateliite defined, that the

g0 oalled meteoric danger is not high.

Considerable role in the investigaticvus of ionosphere,
confirnation of its characterisvics and study of radio-waves
propagation were played by the radio-observations of the

transmitter "Mayak", set up on board of the third sateliitu.

The reception and recording of its radio-signals were maintained

by many scores of Soviet and other countries scientific stations,

throughout the Globe.

The long and steady performance 2f the transmitter '"Mayak"

has enabled to follow the propagation of signals, enitted by it

from the most diverse altitudes, at any time of the day and year

and at any point of the Globe.

These investigations has made it posaible to obtain
new information regarding the so called irregular changes in

ignosphere.

Discovery was made of the satellite's radio-signals
"flicker". As a result of processing numerous experimental
data, Soviet investigators defined, that this flicker is
caused by the heterogeneities of ionosphere. These non-
uniformities form a clearly defined latitudinal belts; the
connection was fixed of the radio-signals flickering with other

geophysical phenomena. The nature was defined of the flicker's

dependence on the period of the day and on the altitude.
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Recording of radio-signals from the transmitter "Mayak"
enabled to obtain new information regarding concentration of
eleotrons in the outer lonosphere. According to data, obtained
by meansof the first satellite, it was found, that electronia
concentration in the outer part of ionosphere is considerably

denser, than was previously assumed.

Most significant and interesting are the results obtained
by a long use in cosmic conditions of solar batteries on
board of the third satellite, which are the most promising sources -
of electric power for cosmic objects. Non-stop performance of
the solar batteries from the moment of the satellite'’s launching
confirmed the correct construction and rationality of arranging

separate sections on the satellite.

Measurements conducted by means of the third satellite
could have been processed only on condition of knowing exactly
at what altitude, latitude and longitude was the satellite at

evary mcment.

To determine parameters of the satellite's motion a special
autcuatic measuring complex was developed on the ground equipped
with the latest radio-technical gpparatus. Determination of the
ortital elements of the matellite is conducted on quick-action

dlestronic computers. Operation of this measuring complex

e e i o S e e e il ;
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to determine characteristice of the third satellite's orbit
during the period of the highest amount of neasurements with
acouracy, far in excess of the motion parameters measurement

of the first two satellites.

In the third satellite's obeervations highly significant
were also the other redio-techmical and optical means. About
90 optical stations and observatories on the territory of the
Soviet Union and over 110 such stations abroad constantly
paintained and still maintain observations and regularly send
the results addressed to "Moskva-Kostnos'". Besides, about 400
other foreign atations in 33 countries conduct ocasesional
observations and send their data to the Astronomical Council

of the Academy of Sciences USSR,

Regular observations of the third satellite are being
conducted by tens of thousands of Soviet and foreign radio-

amateurs and observers.

In order to estimate the volume of carried out measuremcnts
and observations it is sufficient to say, that during the exiastence
period cf the third Soviet Earth satellite the coordination
and computing centre has issued about 5,000 ephemeride: to Saviet
observation staticns and over 46000 - tc foreign etations.

Received and processed during the same period was over 127000
bearings of the board transmitter "Mayak", about 28500 results
of optical observations conducted by Soviet stations and about

19800 sent-in by foreign station.
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There is a special significance and interest in the
obgervations of satellite during the last period of its
existence, its entry into the denser layers of atmosphere.
Conditions study of the satellite's flight in dense layers
of the atmosphere is, in particular, most essential for
construction of cosmic apparatus, which willhhave to return
to the Egrth. At this last stage of the satellite's existence,
when due to the sudden change in parameters of itas orbit obser-
vations of satellite become diffiocult, a greater number is

_additionally involved in the cbzervations of radio-technical,

optical and other means.

From the moment of launching and till the last days
of its existence the third Soviet satellite has incited an

enormous interest of the Soviet people and forsign citizenms.

During thes period thousands of lettors were received at
the address "Moskva-Kosmos" and "Moskva-Sputnik" from Soviet
citizonn and from abroad, containing results of observations,
various questions, suggestions for improvement of apparatus
observation methods and admiratiorn is expressed of the outstanding
achievements of the Soviet science and technique in the investigation

of cosmic space.

Results of investigations, accomplished by means of the third
satellite have appreciably enriched our knowledSe of the upper layers

of the atmosphere,cosmic space and lead to new discoveries of high
significance.

"Pravda', 3 April, 1960.
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TASS COMMUNIQUE

IN ORBIT - SOVIET HEAVY EARTH SATELLITE, ITS WEIGHT - 6483 KaG.

In accordance with the plan of comstructing and producing
spacecraft of high weight on the 4th of February 1961 in the
Soviet Union the launching of a heavy artificial Earth satellite
by means of a a multistage rocket, has been accomplished. The
weight of satellite, not counting the last stage of the carrier-
rocket, is 6483 kg. The satellite ccntains radio-telemetric
system fof parameter checking of construction details and the ..
apparatus for trajectory measurements. The whole apparatus
abroad the satellite functioned normally in the section of its

placing into orbit and in further motion along ite.

Tentative data, obtained by means of the measuring-computing
complex on the ground, permitted to determine the following
parameters of the satellite's orbit: revolution period 89.80
ninutes, altitude at perigee 223.5 ka, altitude at apogee 327.6 kn,
dip, of orbit 64°57'.

The measured parameters of the satellite's orbit are

close to the calculated one.

Scientific and technical problems, preset at the luunching

of the satellite were accomplished.

“Pravda", 5 February 1961.
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TASS COMMUNIQUE REGARDING THE LAUNCHING IN THE SOVIET
UNION OF MANEUVERING SPACECRAFT: "POLET-1"

In accordance with the program of mastering cosmic apace
and further improvement of space oraft the development of space~
eraft whiclhi would enable to implement during the orbital flight
extensive maneuvering in every direction is being conducted in

the Soviet Union.

The work being conducted will peramit to resolve the probleam
of the space-craft flight control, directing them into required
areas for obtaining scientific information in connection with

investigations of cosmic space.

In order tc¢ implement this program launching was carried
in the Soviet Union on the Ist of November 1963 of controllable
maneuvering spacecraft "Polet-1", equipped with special apparatus
and system of motors, assuring ite stabilization and carrying out

of extensive maneuvering in the circumterraneous outer space.

Set up on board of epacecraft is scientific apparatus,
radio-tolemetric aystem and transmitter, operating on frequency

19.945 megacycles.

The space-craft was placed into orbit with aititude at

apogee 592 km and at perigee 339 km.

In full conformity to the fixed program multiple switching

was implemented of motors for stabilization and mubsequent cpace

maneuvering of the space-craft.
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The space=crait "Polet-1" completecd considerabnle
lateral maneuveres, varying the plane of the orbit, ac well
a5 maneuvres in altitude and chauged over to the final orbit
with dip to equator plane'58°55', wi.th altitude at aposee

1437 km and at perigee 345 kme

The initial revolution period of this space-craft in

the orbit is 102.5 minutes.
Arparatus aboard the space-craft onerates normallye

Observation of the space-craft '"Polet-1" and reception
of telemetric data are being coaducted by controlling and
measuring ground stations on the territory of the Soviet

Unione

The pradio=telemetric instruments assure transmission of
the required scientific information, connected with investipations

of cosmic spacee

Phug, accomplished for the first time was the multiple

widesprend maneuvering of gpace-craft in the ounter spacee

As a result of accowmplishing the planned pro.ram of

1]

tsuts an important step was nade in the soviet Union for

furthor study and mactering of the outer suacee

"Pravda', 2nd iovember, 1963
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: PASS COMPINTOUS oM ‘Pili LAUMCHTHG TN

THE SOVI®P UNTON OF KANRUVE TG SPAGH AT "POT T=2",

In aczordance with the nrerrnm of masterine the cosmie

space a routine launching wns carried out in the Soviet Uninn

= ; on the 12 Anwil 1964 of contrallahle manenverine mencecraft

"polet=-2", The launching of thirs spacecraft was done with

the aim of further perfectines of the spazecrafts, permitting to
maneuver in every direction, and the wort-in~ out of questions,
bound with the resolution of the nroblem on the anproach and

meetine of objects in space.

To earry out maneuverines in snace and flirht stabilization,

the spacecraft "Folet=2" is equinped with anecinl control

instruments and 2 system of enmines.

Set up on board the sracecraft are the scientific
devices, radio=-telemetric system and transmitter orrrating or
. *

fre,uency 19.895 merncycles ner second,

ATter separation from the earrier-rocket and ballistic
flirht the snacecraft "bplet=2" was placed inte initinal orbit
: by menns of a speciel enrine and in neccordance with the fixed
rrogram enrried out mpltinle moaneuverins in various direcectiong,
Ae @ result of one of the maneuveres in the area of eountor,
the spacenraft harn considerably ehanped the anrl- of the

orbital vlanes
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Aftor earrying out the whole maneuverine nrorram the

finnl orbit of "Polet=P" hng the follnwing narameterns

- inclination angle 58,06 defreen;
- altitute at anores 500 km nnd at pevigee 310 kmj

- initial orbital period 92.4 minutes.

During the flipht multiple turns were implemented of
P the spacecraft and its orientation accordines to set prosram.
A great nunber was switched on of rocket enrines for continued

stabilization and maneuverine of the snacecraft.

The devices and inctruments on board the spacecraft

operated normally.

The radio=telemetric instruments assure transmission of
5 : the reauired scientific information in connection with cosmic

space invertigations.

Observations of the sracecraft "Polet=2" and recention
of telemetric datn are beinr imrlemented by the cround command
and measurines control points, located on the territory of the

Soviet Union.

The lavnchin~ of "Pnlet-P" in the Sovict Union menns

i one more immortant sten in the improvement of maneuverine

snacacrafts and the mantering of cormic cnece.

"Pravda®, 13 Anril 106h4,
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TASS COMMUNILUW ON e LAURCHING OF

—

T MEITICTRON=1" DD MHIFCEACN=2"s

Tn accordance with investiration progranm of unper
atmoevheric layers and cosmic snace a rmecesnful launching was
carried in “he Soviet Union on the 20 Janunry 1964 of a =vnce
system, consistinr of two research stations (Farth satellites)
"Electron-1" and "Elcctron=-2", nlaced in considerably different

: %
=7 ; orbits by a sincle powerful carrier=-rocket.

Sepnaration of the snace station "Electron-1" from the
anrrier-rocket was carried out in the active section of the

flirht with opcratineg last-stape engine.

i After the separation of "ilectron=1" the last stare of
carrier rocket continued its flight in the set traiectory and,
vickine up the reauired sneed, placed into npresent orbit the

space station "Electron=2".

" Accordine to tentative data, the space stations are vnlaced

into orbits, close to caleulated with the followine pnarameters:

Electron=1" - altitude at norirce 406 km, altitude at anoree

= ' - 7100 vyma

Ls

"Electron=p" - altitude at rerigee - K60 km, altitude at anoree

- 68;’00 kme

Orbital perind of the stotions is 2 hrs. Lo min and

22 hro L0 min wemnectivaly.

PO ——
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Inetinntion of the arbital place of the rtntionn

in at 61 degreen.

Set up on board the snace stations are the reientific
inotruments, redio-telemetric svstems and radio=transmittern
; ugi~nal” and "Mayak", operatinc on freanencies 19.943; 19.95h;

; 20.005; 30.0075; 90.275 mcos.

ot f The main task in the launchinrof spnace stations
i "Electron=1"-and "Elnctron=?" is the simultanecour investigation
¢ of the internal and external radiation bhelts= of the Earth and the

connected physical nhenomena.

e : Phe study of the hLarth's radiation belts bv means of the

i svace stations will enable to obtain valvable scientific data

on the nature, spatial position and enerpgy spectrum of the

charped particles.

Simulteneonsly stucy will be conducted of the various
radiation=, incomins from the onter snace, and ~hvsical conditions

W , in the upner atmospheric layerss

Observations of s»nace stetions "lectron=1" and
Milectron=2" and recention ~f telemetric data are conducted by
R the rround noints of commane cantrol system,locnted on the
AR terrotory of the Soviet Union, The instruments  on boord
are enntrolled by prosvramers on board ans by enmemands from the

arth,

The radinetelepntric information, recejved from the

G
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R

annee atations "Eleetron=1" and "ileetron=?", indieaten normni
funetionineof all the nyetema. The coordinatien-computin:

center

RQeeults of invertirationz, conducted by mean~ of the
two above space stations will be vublished with accumuiation and

nproceasine of radio-telemetric information,

"Pravda', 31 January 1064,

HEW CUDSANDING SXPERINENT Id THE OUTPSR SPACE:

Press=confercnce of 3doviet and Foreipn Journalists

in the Academy of Sciences UsGRe

Great intercst throughout the world was caused by the
new outstznding experiment in space undertaken in the soviet
Union - launching of scientific stutions (earth satellites)
"uloktron=1" and"slektron-2"e “his was the event discussed
at the presse-conicrence oi doviet and foreign journalists,
arranged yestorday by the Academy of Sciences, U3JR,

Hinjstry of Poreign Affairs, U3sR and state Committee of
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the Council of iinisterg, UededeRe on Cultural

Agisociation with fercipn countriog.

The press-conference was iunrurstsl by LeVe Koldysh,

Presi‘ent of the acadeny of dcicncese

AUDRwS3 OF hieVe KsLOYS, PRaSIJLNE OF
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OF SCTNCuB, UededeRe

dear conrales, entlemend

On the 4th of October, 1957 Soviet srience and t:chnique
have opened the way into the outer space« dThe first in the
world urtificial earth zatellitce has been placed into orbite

The historical sta e has heooun in the systematic

e

nvestisation
of the outsr snaces The new nost imnortant landmark along
this way wverc the flirhts of Jovict moon rockets, which gave
to scicnce discoveries of fundumentad sirnificance -

-

photographs of the reverse side of the moon and the proof

of absence on the neon of a significnant marnetic field.

The reoantest contribution of Joviet seienticts, conoirncte

ors and engincers into further otudy of the cuter spase wag the

74
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accomplishment of the firat in the world manned flight into

the outer space.

Earth satollitos and gutomatic interplanetary ctations
have becoms firmly established in the arsenal of techmical
means for investigation of the outer space and of the =solar
system planets. All this has resulted in the new science -

space physics.

At present impertant i.afovmation has been obtained
regarding the structure of the upper layers of the atmcsphere
and its density and pressure with activity of the Sun,
discovered the so called "ionized geocorona', extending to

distances of 20,000 km, for the firet time experimental

SRR A

-recording made in the interplanetary space of the flux of
corpuscles, ejected by the Sun, data have beén obtained on
the structure of the Earth's magnetic field to distances of
soveral earth radii, planetary map plotted of the intensity
distribution of cosmic radiation at altitudes 220-300 km

end region discovered of anomalously high radiation intensity

in the area of Brazilian magnetic anomaly, etc.

One of the mnst bright achievements in the study of
circumterraneous space is the discovery of the Earth's
radiation belts, which were found to be a highly compnsite

formation both in their nature and in their structure,

The mechanism of their inception is upto now unknswm. A




o g e o s i

1 171 3

whole complex of composite physieal procences, to which they
owe theip exiotence, reauires new tents. The opecific feature
of thess tentg 1o the gimiltaneous measurements nt variouc pointo

of the circumterraneous anace,.

; P This problem required construction of a specinl gpace system,
consisting of geveral gatellites, placed into subgtantially differing

orbitse The "Electron'" space system is the firct,.

= By means of a powerful carrier-rocket it wag possible to place
into orbit with altitude at apogee 7000 km scicntific station "Electron-1

and with altitude at apogee 70,000 km station "Electron=2".

On these stations simultaneous implementation is being
conducted of the earth's radiation velts and the related physical
phenomena according to a single program. This program envisages
investigation of higi and low enerpy particles in the garth's
radiation belts, the earth's magnetic fields and radiation belts,
cosmic rays, chemical composition of the circumterraneous space,
shorte-wave radiation of the sun and radio-emission of galexies,
micrometeoritess The construction for the indicated investigaiions
in the International Geophysical year, when the sun was calm and
= which startrcd from 1st of January 1964, attaches a high significance
. to this experiment.

The obtained results will be widely published in the scientific
press and will be contribution of Soviet Scientists into pro;ram
implemsntation of the Internntional Year of Quiet Sune.

The object of the prement pret: confev:nse is to acquiant the

World public with the scientitfic aimc of the eystem of the
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space otations "Electron=1" and "Electron-2".

And now may I present the scientists, who will describe
these aimss S.Ne. Vernov, Associate of the Academy of Soiences
USSR, £.I. Gringaus, Doctor of Technical Sciences and Tu. D.

Kalinin, Doctor of physico-mathematical Sciences.

Address of S.N. Vernov, Associste of the Academy of

Sciences, USSR.

The first fligkts of the satellites have resulted in the
d.ecovery of new, hitherto unknown to science nature's
phenomenca - radiation belts of the Earth.

It was possible to: elucidate, that the eircumterraneous
space has a composite structure. There is existence within it
of 'wo zomes, filled with high-intensity fluxes of charged
particles. These zones were denoted as the radiation belts
of the Earth. At great distances from the Earth (10 times the

gize of our planet) exists an outer radiation belt of the

Earth, discovered during the flight of the third Soviet satellite.

Even nov (i.e. more than five years after its discovery ) the

-

outer rajiation belt is still a myetdry.

Besides the outer radiation belt of the Earth, there io
an iaternal radistion belt, discovered during the flights of

American satellites.

Immediately after dhscovery of the internal radistion

‘?5,
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belt in USSR, and thereafter in USA hypothesis was put forward
regarding the origination mechanism of theinternal belt. This
hypothesis explains very well the experimental facts regarding
nature and energy spectrum of particles within the internal -

radiation bLelte.

An sntirely different picture is obaserved in the study
of the outer radiation belt. It may be taken as fixed, that
the origination mechanism of the internal belt cannot explain
the existence of the outer beli. This was provied in 1960
in the flight of Soviet space=craft. Apparently, in the vicinity
of the Earth at distances of thousands and tens of thousands

km operates unique Yoosmic accelerator" of particles.

To explain the nature of the “cosmic accelerator' requires
sislultanecus investigation of many physical phenomena in the
space close to Earth. This necessitates const:uction of a
space eyef#n. consiating of a number of matellites, conducting
simultaneous measurements at various points of the space

adjacent to Earth.

Launching of the soientific satellite-stations "Electron-1"

and "electron=-2" is the beginning of such a system. Invesatigations

conducted upto now have showa, that with the Earth's getting
into the corpuscular flux, erupted from the Sum, i.,e. with the
appearance on the Earth of magnetic storms and polar lights,

high-intensity changes ocour in the outer radiation belt of

|
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o the Earth. It means, that precisely at this time begins

operating the "circumterraneous cosmic accelerator".

The main problem, which should be resolved in the flights
of"Electron-1" and "Electron-2" is the study of the internal
and outer radiation belts of the Earth and the related physical

phenomena.

R Aboard of both :he satellites is an identical apparatus
for measuring electrons and protons ox various energies.

These measurements should enable to determine asimultaneously

at two points of the circuntbrrgneoue space composition of

é '9' f emission in the radiation belts. The study by means of "Electron-1"

| is of the internal radiation belt of the ®&rth and .he nearest

? to Earth "spurs" of the outer radiation belt, at the same time

| the scientific station-satellite "Electron-2" cuts through the
outer radiation belt and passes beyond it into interplanetary

z space, vhere the particles of radiation bdelt should not be

present and the main type of radiation are the covsmic rays.

The presence of identical apparatus on both the satellites
pakea it possible to depict the piocture of the radiation
belts disposition in space and to tie-in the measurements,
; implemented by various satellites at different distances froa
— the Earth,

1
3

L e
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An extensive set of various devices permits to study ia

detail composition of radiations, to determine nature and energ:
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spectrun of particles, wvhich make up composition of the-

radiation helta.

Various and abundant information is beiug received from
"Electron-1" and "Electron-2". Data obtained at present show,

that the scientific instruments function normally.

Moscow agreement on banning nuclear tests in the outer
space assures poseibility of studying radiation belts withiut

interference from nuclear :sxplosions in the outer space.

Address of K.I, Gringaus. Doctor of Technical Sciences.

I would like to draw your attention to the region directly
beyond the radiation belts, which, undoubtedly, has a high
geophysical significance, but even considerably less known,
than the radiation belts. I'am talking about the existence
zone of high intensity flux of comparatively - low~energy

electrons, the so called outermost belt of charged particles.

Measuring results of currents, recorded in charged
particles traps on the first Soviet Moon rockets of 1959, have
shown, that after the exiit of rockets from the outer radiation
belts the traps began recording fluxes of electrons with energies
!r;l 200y to 10=20kv, exceeding in magnitude the electran

fluxes in the outer radiation belt at least 10 times.

Subssquently. investigations of the above zone were continued
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by means of satellitcs and space rockets both in USSR and

in USA. Magnetic measurement have shown, that magnetic field
in the region of the outermost belt of chargod particles
continuously varies both in size and in directior. This
indicated, that the electrons in this gone were not captured
by the magnetic -field of the Earth, eince the magmetic trap
for charged particles cannot exist here. Apparently, the
electron fluxes of the outermost belt are able to affect most

intensely the upper atmosphere, by entering it at high latitudes.

Is the outermost belt of charged particles completely
closed, i.e. does it exist in direction, opposite to Earth-Sun
direction. This question will, naturally, arise, if ve proceed
on the assumption, that the outermost belt originates from the

flux of soler plasma.

Altkough the combination of tests, carried out upto the
present time, does not peiuit as yct to give a final ansver
to this question, it still gives grounde for assuming,
that this belt is completely closed. The correctness of this
assumption is indicated, in particular, by the results of

measurenentc on the station "Mars-1",

Measurements conducted on "Kleotron=2" should substantially
supplement the information available at present about the

outermost belt of charged particles,
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Addriss of Yuo De Kalinin, Dr. of Ph;pieo-ﬂuthenntienl Soiences.

Among the apparatus, set up on the space station "Electron =2
are two magnetometers, by means of which the investigation is
being conducted of the Earth's magnetic field and of the outer
radiation belt. These magnetometers in their technical capacity
and construction are similar to those used previously on the
first and second Soviet opace rockets, but oﬁahle to measure

magnetic fields with an acouracy, greater, than the previous one.

The station "Electron-2" is designed specially for the

study of the outer radiation belt and is estimated for a long-term

operation.

We hope to obtain data for clarifying question as to vhat
happens te the outer radiation zone during the geomagnetic storms.
Until quite recently the scientiste asaumed, that the geomagnetic
storm is a period, when the Earth and ite magnetic field are

bombarded by a flux of solar corpuscles - electrons and ions.

The station "Eleotron-2" will permit to elucidate the
time~behavior of the magnetosphere boundary, in particular to
olarify, whether this boundary gets closer to Harth dvring the

storms, as it is assumed, or not, and vhat is the amplitude of

its oscillations in space.

We should pause on one more questiocn. According to an

agreement concluded between the Academy of Scidnces USSR and NASA
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of USA on the peaceful investigation of the outer space the
implementatson in 1965 is envisaged of a universal pagnetioc
survey by means of Earth satellites. Observations at
n"Eleotron=2" are the first test of studying magnetis field
variations of thé outer radiation zone with an oL je~t of
eatimating rcgular;ty of these variations during the future

universal magaetic survey.

At present the obtainable data are being pronessed, and
the results will be published in scientific articles.

"Pravda", 7 February 196k.

SPACE SYSTEM “ELECTRON"

K successes of Soviet science in the mastering of space;

o—

Over a month has passed since the stations "Electron-1"
and "Electron-2" were launched into the circumterraneous outer
space. The main object in the launching of these spase stations

is the simunltaneous study of the Earth's radiation belts.

Today we publish an article on the significance and

construction of space system "Electron".

1. Badiation belts of the Earth:
Soviet science and technique has opened the way into outer

space. BEven the first flights of the satellites have produced
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a lot of useful inZormation about tihe outer space, resulted
in discovery of new, as yet utiknown to science, phenomen of

nature - radiation belts of the Earth.

T?.‘ ' Farther mastering of the outer space for practical needs

: of mankind, such as extra-longrange radio-communication and

-kaﬁ i reliable timely weather forocaat.tcroation of sxtraterrestrial

i&el' } space laboratories, requires detailed study of the outer space
;{;ﬁ;” ; _ properties. Launching of communication satellites, equipped

3 : with a composits apparatus for retransmission of televieion

= ”Ti % signals, meteorological satellites with automatic devices for
meteorvlogical inveatigations require assured long-term performance

R ; of devices in conditions of space flight.

: On 30th January 1964 a successful launching was accomplished
=3“ﬂ3 é in the Soviet Unior of a space syster consisting of two scientifio
23 | stations - "Electron-1" and "Ele¢ctron-2", placed into different
‘ orbits by a powerful carrier-rocket. The creation of such a
E?ué ? system opens nevw possibiiities in the investigation of circum~
: terraneous outer space and is of primary siguificance for

K } é cosmic physics. By means of the scientific stations "Electron-1"

é and "Eleotron-2" g wide range is being conducted of measurements,

needed for deeper understanding of physical processes, taking

place in various regions of the circumterraneous space.

One of the main objects of the "Eleotron=1" and "Electron-2"
is the study of inner and outer radiation belts of the Earth.

The charged partioles flux in the radiation belts is very great.

: PR SR Rk s g g e
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Energy of many particles in the radiation belts is so high,

that they are capable of penetrating into the space-crafte.

® | | The radiative irradiation is mot only dangerous to the
health of astronauts during a long term travel in the radiation

i belts, but also results in the property changes of various
) : g material, used on space objects. It has been fixed at preseat
iw' j that the silicon solar batteries, used on satellites and space
rockets, reduce the amount of produced elestric power during

5 ; irradiation by particles of the Earth's radiation belts. With
v 3 very high irrediation the solar batteries may fail altogothef
which is what has.happened to some American satellites after
sharp increase in the intensity of irradiaticn in the radiation

belts as a result of nuclear explosion, carried out by USA on

the 9th of July 1962 at a high altitude.

R | It is also known, that some traneparent material loses
) : its transparency under the effeot of irradiation and becomes
S E opaque, which is specially unpleasant in opticai systems. Many
\V; organic substances, applied ais a thia film for imparting to

surfaces various properties, for instance, to clear the optics,
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disintegrate under the effect of irradiation.

!

' The study of the behavior of various material in the outer

c .
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space is the business of newborn sciouce - cosmic material

superviesion.
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flight requires knowledge of radiation dose, likely to be
received by the given sample of material. To forecast the
radiation does the scientists have to know the state of
radiation belts not only today, but to able to foracast their
state for tomorrow., This requircs knowledge of the laws
controlling radiation belts, to understand the nature of their

coming into being and continuing.

At present satisfactory sxplanation was given of the
nature of the inner radiation belt of the Earth, discovered
by American scientists on "Explorer-1", The effect of cosmic
rays causes disintegration of the nucleus of atoms in the
composition of the Earth's atmosphere. During disintegration
of the atomic nuclei their compcanents - neutrons - scatter to all
sides and some of them escape from the atmosphere. lLife-time
of neutrons is only 12 minutes. The decay of neoutron produces
charguvd particles - proton and electron. If decay of neutron
occﬁrred in the vicinity of the Earth, the proton end electron
are captured by the Farth's magnetic field and begin moving
along a spiral trajectories, travelling from the northern
henisphere into southern and back along the magnetic lines of
force. Prior to its destruction the pnrticle travels hundreds
of millions of times from one heamisphere into another. Each
trip lasts less than one second. This oircumstance indicates,
that the Earth's magnetic field builds a "trap" for the charged
partioles. In this trap may accumulate many particles, sinoce

at high sltitudes above the Earth density of matter is very

-
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low and the particles, which move there very slow lose their
energy. Thie hypothesis explains very well the ozporimentil
data on compocition and energy spectrum of particles in the
radiation belt. Moreover, from the comparison of theory with
exporiment it is possible to obtain information regarding the
dcngity of atmosphere at altitudes of over one thousand

kilcmetres.

An entirely different picture is coserved in the outer
radiation field, discovered by Soviet scientists during the
flight of the third artificial satellite. It may be taken for
granted that the above analysed genesis mechanism of the
internal belt cannot explain the existence of the outer belt.
Therefore even now the outer radiation belt is a zystery.
Apparantly, in the vicinity of the Earth at distances of
thousands and tems of thousands of kilometres operates the
unique "cosmic accelerator" of particles. On basis of data,
obtained us a result of the satellites flights, we know, which
particles are mainly specded up in this “occelerator'.

However, the arrangement of this "accelerator! s unkzown.

When the Earth enters into corpuscular flux, erupted from
the Sun, there are magnetic storms and polar lights. At the
sane time the-¢ are the most intense changes in th.: outer
radiatira belt. It means, that at this time operate

"oireumterraneocus cosmic acceleorator'.

Thie is why for resolving the puzzle of oirousterraneous
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outsr space simultaneous investigation should be conducted
within it of various physical phenomena. This requires
conetruotion of a space system, coneicting of a number of
satellites, aonducting simultanecus measurements in various
regions of radiation belts. The launching of"Eleotron-1"
and "Electron-2! is the first step in this direotion.

Explanation of the nature of the "circumterraneous
cosmic acoelerator" will make it poasible to resolve the mest
important science problems, Even now the existence is known
of "cosmic accelerators' of incomparably greater scale. During
the 8o called flares on the Sun acts “cosmic accelerator', the
force of which is thousand times that of the "circumterraneous
accelerator"s This solar accelerator produces particles with
energy upto 10 billion -electron volts. Billion times greater
in dimension. "Acceleration", producing particles vwith
energy upto a million billion electron volts, lies within our
Galaxy. Finally, beyond the limits of our Galaxy there is
existence of accelerators, generating particles of even

greater onérsy.

Iﬁ order to understand the chain of these absorbing
problems of the creation of high~energy particles, making
up the composition of cosmic rays, the beginning should be
nade from the most accessible region of the circumterranecus

space.
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24 Orbits of "Electron-1" and "Electron-2".

Orbits of space stations "Electron-i" and “£lectron-2'"
were seleoted on the grounda of necessity for the sisultaneous
investigation of the upper atmospheric layers, radiation

belts of the Earth and circumtarraneous spacs.

Moreover a number of other fackors wrealso t2%ew into
account » conditions of radio-communication during the traduui-=eion
of information from the stations to ground point., the e c.-ounce

time of statioms in the orbit, expumurs nZ riifins to the svn.

As a result of analyzing a number of possible versions
for the space system "Eleotron" the selection was of two
¢lliptical orbits with high accentricity. This type of orbits
provide for scientific invest:szations within the whele required
range of altitudes. The first orbit lies within the moat
interesting regions of the internal radiation belt, partially
intersects the outer and encloses a region of space with
irregular magnetic field, where the formation of unstable flux
of particles causing polar lights takes place. The sscond
orbit is partially in the inner belt, the most interesting
regions of the outer radiation belt and intersects lying
beyond the outer belt region with transient flux of lov energy
electrons, denoted in literature &s the outermost bult of
charged particles. Altitude at apogee for the first ordit was

taken at 7000 km, which corzesponds approximately to the outer
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limit of the internal radiation belt, and the altitude at
apogee for the second orbit was chosen within the range of
65000=70000 km. Altitude at perigee for both the orbits were

fixed in the range of 400-460 km.

Naturally, the focal axes of the space stations orbits
(i.e. the lines, connecting perigee with apogee) were selected
of different direction. for the low orbit the location of focel
axis corresponds to condition of a more favorable position in
regard to the internal radiation belt. For the high orbit the
position of focal axis in the orbital plane is chosen with
a view of obtaining maximum pogsible difference of altitudes
in similar geographical latitudes during the ti;ght on
ascending and descending turns of the orbit, which is important
from the viewpoint of scientific measurements during the
investigations of the outer radiation belt. The dip to equator
of both the orbits is about 61°. The extent of the dip
influences variation of orbital parameters under the disturbing
effect c¢f the Moon and the Sun, and also due to the flatness
of the Barthe. ¥#ith the chosen dip the perigee of the orbits
will shift in time northward and, which specially important, the
orbit of the space station "Eleotron-1" with this shifting of
fooal axis will pass during a yeer through the whole thickness

of the inner radiation belt.

Ihe orbital diagram of the "Electron' space system is shown
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f in Fige 4. Perigee position of the orbits in the northern
hemisphere provides the most suitable conditions for radio-

communication of space stations vith receiving points on the

ground.

Moreover, when the stations are in the region of perigee
the volume of information is maximum, since in this region
besides the investigation of radiation belts measuremente are

conducted in connection with the study of upper atmosphere.

Fige 14 = Orbital diagran of "Eleotron-1" and
"Eleotron-2%,

‘ 1= orbit of "Elactron=2" utation; 2= internnl radiation
i " belt 3= orbit of "Electrov-1i'y U4e outer radiation
belt; 5- the belt of low-energy charged particles.

It is a known fact, that Esrth satellities, moving along
% the low orbits, have a limited tilme of existence due to their

e e oL L
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inhibition in the upper layers of atmosphere. With increasing
altitude of orbit the existence of the satellite increases,
since the inhibiting effect of the atmosphere decreases. For
altitudes at perigee, corresponding to the orbite of the
uEleotron" system, the inhibiting effect of the atmosphere ﬁay
be practically disregarded. However with increasing altitude
at apogee of the orbit upto some tens of thousande of kilometres
the motion of the satellite begins to be affected by new
factors - the attracting forces of the Moon and the Bun.
Calculations havé shown, that Qith unsuitable combination of
these forces the existence time of satellite on orbit with
altitude at apogee 65000-70000 kilometres may well be Just a

fow days.

In this connection detailed investigations were carried
out of the motion of satellites in orbits with high apogee
and the moments were determined of launching, which assured
a long term existenoce for the space atation “Electron=2" on

the chosen highly elongated orbit.

The most expedient method of creating space system on
the above orbits was the simultaneous placing of two space

stations by one carrier-rocket.

Availability in the Soviet Union of powerful space
rockets made it poasible to resolve the problem precisely in

this way. However the praotical placing of two satellites on
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substantially difiering orbits by means of one carrier was of
considerable technical difficulties. To place "Electrone-1"

and "Electron-2" into preset: orbits required separation of

the first of them on the active flight section of the last
carrier stage during the operation of its motor. Seperation

of the "Eluctron-1" and to be implemented in a way, so &s not

to cause disturbing moments, affecting operation of the control
system of the last stage and the accuracy of placing “Electron-2",
In the separation of "Electron-1" its entry had to be prevented

into activity zone of the jet-powered last stage.

Both these difficulties were overcome by the application
of a special reaétive system, which assured separation of
"Electron-1" from the last'stage of the carrier-rocket at
exactly present speed. The separation occurred without any
disturbing effects on the further movement of the last stage,
Besides the construction of "Electron=1" was devised in such
a way, that the station would be most compact at the time
of separation and would not have any highly projecting

sectionse

3, CONSTRUCTION OF SATELLITES AND THEIR
PARATUS:

"Electron=1" and "Electron-2" are automatic satellite-
ptations, developed for a composite study of circumterraneous
space.

Figure 15 and 16 chow the external view of satellite-stations

"Electron-1" and "Eleciron=2".
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Arrenged on the. autside of the stations are the solar
batteriss, antenna systeme, partof devices for scientifio
investigations and data units of solar orientation. On the
cylindrical section of the body are the rotating shutters of
the thermo-regulating system. The special teatuia of the
#Electron=1" are the collapsible antennas and panels of solar
batteries, opening after the separation of the station from
carrier-rocket on command from the time-programming device.
This is to provide for the separation of the station on the
active section of flight. At "Electron=2", the panels of

golar systems are fixed rigidly.

In eccordance with extensive program fox the study of
circumterraneous space the "Electron" stations contain various
scientific devices for measuring at various points of the orbit.
The results are recorded in memory devices, which accuaula’e
soientific information and dnte on performance of the systems
during one or several turns on the orbit (depending on the

selected operation conditions of the memory).

During the communication, besides the transmission of
memorised information, there is the direct telemetric
transmission of a great number =f parameters, recorded by the
scientific apparatus, as vell as data regarding performance
of all the systems aboard the station. Operation control of
devices is impjemented in two ways ~ autonomously and by commande
trensmitted to the station along a special com: :ad radio-line from

the ground stations.




(190)

The angular position of the "Electroa" gtations .
in space is determined by the solar orientation data units,
thé reading of which is recorded in the mesory sisultaneously

with measuring results of acientific instruments.

Flight control of the space system "Electron" - measurements
of orbital parameters, reception and recording of telemetric
and scientific information, issue of commands for the cutin
and cut-off of apparatus are implemented by the command and

measuring coamplex on the ground.

Communication seances have confirmed, that the space system

"Electron" is reliably controlled on commands from the Earth.

Let's stop now in more detail on the main problems,
which should be resoclved in the flights of "Electron-1" and
"Electron=-2". As menticned above, the main objest of the
"Electron" space system is the study of inner and outer radiation
belts of the Earth and the related ph:aikal phenomena., With
this aim on board of both the satellites is set up identical
apparatus for measuring electrons and protons of various energy.
These measurements should enable to determine the composition
of emissions in the radiation belts simultaneocusly at two points

nf the ciroum.terraneous space.

The soientific station "“Electron-1" flies around the Earih

at coamparatively low altitudes (below 7000 km). Iae study by
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means of this station is of the inner radiation belt of the
Earth and the nearcst to Earth '"spurs" of the cuter radiationm
belt. At tF same time the station "Electron-2" cuts through
the outer radiation belt and departn beyond its liaits into
interplanetary space, where the particles of radiation b;lte

should not be present and the main type of radiation are the

cosmic rays.

The presence of identical apparatus on both the satellites
makes it possible to drawv a picture of the spatial poeition
of radiation belts and to tie the measurements of various
satellites at different distances from the Earth. Some of the
apparatus is inside an airtight container. Thes~ devices record
particles of quite high onergy, namely - electrons with energy
of over 2 millions elcatrcn volta, protons with energy over

Z0 million electron volts and photons with energy over 50

kiloeleotron voltes.

Particlea of lower energy cannot penetrate ihto tae air-
tight container. Devices for recording of these prrticles are
set up on the outside of container. Radiation detectors are
covered by the finest layers of substance. Their thickness is
just a few thousandth fractions of a millimetr. These detectors
are penetrated by electrons with energy over 30 kiloelectronvolts

and protons with energy over million electronvolts.

For recording particles of even lowver energy the use on

'Eloctronpa" is of the so oalled spherical aualyser. The path
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regions of the circumterraneous space.

Fig. 15 - Spece station "Electron=1". =

1= air-tight container; 2~ shutters of thermcregulating systen;
3= solar batteries; i~ antennas; 5- micrometeorite deteotor; 6-
device for recording corpuscular radiation; 7- mess~spectrom=tar;
8~ protun detector; 9- device for studying energy spectrum of
electrons in radiation belts,

of the particles arriving in this analyser is quite free of any
obstacles. Deviating in electrostatic field, the particles move
in a circle. Dluring the flight, the electrical voltago,gpplicd to
the spherical analyser, is automatically switched-over, thereby

capturing protons and electrons of various emergy, starting from

100 electronvolts.

Particles of low energy are measured also by the "trap" of
charged particles, similar to those, by means of which in fiignut
of Soviet spuce rockets discovery was made of the "geocorona' of the
earth and the outermost belt of charged particles, lying beyond the
outer radiation belt and consisting of comparatively low-energy
electrons. Multiple measurements within the "geocoroma" and in the

outer belt iteself by means of detecters of low-energy particles should
oonsiderably increase the amount of information regarding these

o
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; : On board the station "Electron=1" tranamitter "Mayak",
4? emitting coherent radio-waves is set up. By observing these
— E waves by means of ground stations it is possible to follow

7 . the propagation of radio-waves and te detor@ine concentration

of electrons at high altitudes.

b @ A
b S N A - R A
I . 3 )

.9 -
ﬂ@ Fig. 16 - Space station “Electron=-2",
&%
@:13 1~ air-tight body of the station; 2- shutters of thermo-
. regulating system; 3= solar batteries; 4~ antennas; 5-
o magnetometer; 6~ data units of solar orientation;
e 7- spherical analyser for energy spectrum study of low~
Cn s energy particles; 8- device for the study of chemical
s composition of cosmic raysj 9- device for the energy
e spectrum study of electrons in radiation belts; 10- mass~
“ spectrometer; 11~ dewice for investigating X-ray radiation
s of the Sunj 12- detector of low-energy protons; 13« chrrged
o particles trav.
i : On "Electron-1" the low=energy particles are recorded
u; a by a special counter combined with accelerating tube, For *he

cathode protuction of photoelectric multiplier from the light
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the crystal of tho counte should be covered by some opaque
material. No matter how fine is the foil, covering the
orystal, it still prevents entry into the erystal of
electrons with energy less than 10 kiloelectronvolts. The
accelerating tube in front of the crystal fills-ir. this gap,
imparting to slow electrons additional speed by bringing up
their energy to 10 kiloelectrovnlts. Thus, the dewice on
"Rlectron=-1" makes it possible to record electrons from the
lowest energies ( about 10 eloctronvolta) to some tens of
thousands of electrovolts. This information should supplement
the data obtained by means of the above devices on board of
satellites. Thus, the extensive set of various devices
ernables to atddy in detail composgition of radiations, to
determine nature and energy spectruz of particles, composing

radiation belts.

The motion of radiation belts particles is determined
by the magnetic field of the Earth. Therefore the information
regarding the radiation belts should be supplemented by data on
magnetic fields. Moreover, motion of particle of the radiation
belts may result in the generation of electric current, wh .. in
turn induces an additional magnetic field. To record magnetio
tields, at the most remote from the Egrrth satellite "Electron-2*
are two magnetométers, which measure magnitude and direction of
the megnetic field's intensity. One magnetometer has lower

sensitivity, but has the facility to measure a sufficiently
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high-intensity magnetic field of the Earth. the other
magnetometer is designed for recording of weak magnotic
fields, oxisting in the outer radiation belt and even at

great distances beyond it.

Concentration of various energy charged particles in
the radiation belts and the magnitude of the magnetic fields
induced by these particles are closely interconnected.
Simultaneous meusuring of various particles and magnetic
fields will provide a most important information about the

radiation belts of the Earth.

»
K

It is qui-e obvious, that iiveetigation of the compoaition
of the Earth's u,per atmosphere has a great value. In the
present article we would like to emphasize the possible existing
bond between the radiation beltse of the Earth and the composition
of the upper part of the Barth's atmosphere. Particles of
radiation belts "travelling" from the northera hemisphere
into the southern sometimes cnd their life below those regions,
where exist the radiaticn bslte. Under the effect of a number
of factors, many of which are not yet discovered, particles of
radiation belts get "spilled" out of them and bombard the upper
atmospheric layers. Thus, the radiation belts 8ffect the
Earth's atmosphere. On the other hand, it is possible, that
some of thuse particles, which af%er acceleration and escape
beyond the atmosphere become particles of radietion beltse,

originate in the upper layers of the atmosphers., Sot up on both




o

e e

e ———

(196)

the scientific stations "Electron=-1" and Electron=2" are
masg-spectrometsrs, which enable io deteranine chemical

composition of the upper atmospheric layers.

It is quite poseible, that besides the olerentary
particles (electrons and protans) the finest dust particles,
the so called micrometeorites of extremely amall size, also
revolve around the Earthe It was fixed by preceding tests in
flighte of Soviet and American satellites, the number of
micrometeorites close to the Earth is greater than in the
interplanetary space. This is, apparently, due to the fact,
that close to Earth micrometeorites, arriving from the
interplanetary apace, are supplemented by meteorites, long-
time revolving around the Barth. "Electron-1" contains
micrometeorite detestor. By means of it, it is possible to
record the numberof impacts on the path of :the ptation's

motion.

"E] ectron-1" also contains devices, recording X-rays of
the Sun. High-intensity X-ray radiatior 1 . generated during
a high-power blasts on the Sun, the so called "flares'. Recording
of X-raye makes it possible to determino the activity state of
the Sun and to elucidate the connection of these phenomena with
the state of radiation belts. The construction of automatic
laboratory, flying far from the Earth, will make it poasible
to investigate radiations roaching us from the depths of the

outer  space.
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The greater part of coemic rays originate beyond our
Solar cystem. Tho atmosphere and the megnetic field of
Earth are a substantial obstacle in the way of these rays to
our planet. The "Electron-2" moves far away from the Earth
and escepes beyond its magnetic field. Therefofe it containe
devices for the recording of cosmic rays. Some of these
devices permit not only to measure the genoral intenaity of cosmic
rays, but also to determine their chemical composition, i.e.
to define, which atoms nuclei and in what gquantity are present

in the composition of cosmic radiation.

Even quite long ago people observed heavenly bodies very
distant from us. This was possible due to the fact, that the
human eye is capable of observing distant stars. <The poseibilities
of modern astronomy have greatly increased, when besides the
visible rays it was possible to observe also the invisible,
radio-waves reaching us from the outer spaces A new science

has emerged - radioastronomy.

it is a known fact, that the Earth is surrounded by
jonospheére, which reflects short, medium and long radio-waves.
It is because of this property of ionosphere that the communication
is easy botween radio-stations of the different continents of
the Earth. But the same property makes it immossible for
radio-waves with wavelength over 100-150 metres to paes through

to ue from the outer space. They reach ionoephere and are
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reflected back into the space. Yet thesme waves carry a most
valuable information regarding the distant regiona cf the

Univerae.,

In order to record themse radio-waves, it is neceasary
to escape beyond the Earth's ionoscphere. The "Electron'
satellites contain radio-receivers, which should mnke it poassible
to record the radio-waves with.wavelength 200 and 400 metres coming
from space. There is no doubt, that these radio-waves will

provide vs with most valuable information about the outer space.

It is over a month now, that the successful flight of
"Electron=1" and "Electron-2'" is continuing. By 12 o'clock
March the 12th 1964 "Electron-1" has completed 357 revolutions
around the Earth, and 155 radio-coamunications were held with
the satellite. "Electron-2" has complieted 44 revolutions and

had 25 radio-communications.

The extensive waterial, obtained during the month's flying
of "Electron" stations, pertains to period of the calm Sun.
Further measurements by means of "Electron-2" aud "Electron=1"
will pernit to study time variations of the circumterranesous

apace at various levels of the solar activity.

CeNeVernov, Associate of the Academy of Sciences
of USSR,
GeA.Skuridin,Dr. Physico-Mathematical Sciences,

Yu.Il.lLogrohev,Master Physico-Mathematical Sciences.

“"Pravda™, 15 March, 196k.
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TASS COMMUNT7!% ON THE LAUNCHING OF “ELECTRON-3" AND WEL \CT1ONwk

In accordance with investigation program of the upper

iayers of the atmosphere and the outer space launching was

carried out in the Soviet Union om 11th July 1964 of a space
system, consisicing of two scientific stations (Earth satellitec)

"Electron-3" and "Election-4", placed into substantially different

orbits by one powezful carrier-rocket.

The object of the launching is the continued composite
_ investigation of the Earth's radiation belts, various radiations
% arriving from the depths of the outer space, magnetic field of
Bar:h and phyeical cenditions in the upper layers of the

atmosphere.

The separation of V"Electron-3" vas carried out in the active
section ¢f flight with operating motor of the carrier~rocket's
last stage, which thereafter continued its flight aund after
picking=-up the required speed placed into preset orbit the

space siation "Electron-4",

According to tentative,data, the space stations were

placed into orbits with the follovwing parameterss

"Electron-3" - altitode at perigee 405 km, altitude at

f apogee 7040 kmg
"E]leotron-4" - altitude at perigee 459 km, altitude at

apogee 66,235 km.
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Revolution periods of the stations are 2 hree 48 min. and

21 hr. S54% min. respectively.
The dip of the space stations orbits to eyuator is 60%s2'.

Besides the devices for scientific investigations the
stations have radio-transmitters "Signal" and "Mayak'',
| operating on frequencies 19.943, 19.954, 204005, 30.007 and
bﬁg' | 90,022 megacycles, and radio-telemetric systems for transmiasion

to the Earth of the investigations resultis.

o Radio-telemetric information, received from “Electron=3"

. and "Electron-i'" indicates normal functioning of all the systems.

The coordination-computing center is processing the

o arriving information.

L "Pravda", 12 July, 196k

PASS COMMUNIQUE ON THE LAUNCHING OF SPACE STATION "PROTON-1"

In order to assure the implsmentation of the planned

investigation program of the outer space, a new high=-pover

-

carrier-rocket was constructed in the Soviet Union.

P

By means of this rocket scientific space station "Protom-1"
with a set of measuring inutruments was placed into circumterrancous
Y orbit ca 16 July 1965.

e ——
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Total weight of the working load, placed into orbit

(without the last stage of the carrier), is 12.2 touns.

The "Proten-1" station is oquipped with special
scientific apparatus for investigating cosmic particles of

ultrahigh energy.

The space station '"Proton-1" was placed into orbit with
altitude at apogee 627 km and at perigee 190 km. Dip of orbit
is 63.5°. Revolution period of the station around the Earth
is 92.45 minutes.

Besides the scientific and measuring instruments the
station has radio-transmitter, operatiug on ffequency 19.910

megacycles.

Analysis of received telemetric information shows,; that

the apparatus on board space station “Proton-1"operates normallye.

The cnordination-computing center is conducting the

processing of arriving information.
"Pravda®, 17 July 1965,

SPACE STATION "PROTON=1"

After the launching of the first in the world artificial
Earth satellite, which has opened the new era of space flighta,
the Soviet science and techuique has attained considerable

success in the investigation and mastering of the outer space.
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Construction of high-power carrier-rockets has enabled
the Soviet constructors and scientistas to accomplish the first

in the world manned space flight.

Further development of the rocket technique made it
possible to construct heavy automatic stations, inhabited
spacecrafts and to accomplish in them group flights with a man's
exit into space. But the science sets new, progressively more
composite problems of investigation and mastering of the out;r
space, requiring construction of heavier space-rocket systems

with even higher energy power.

On 16 July 1965 in accordance with plan of space
investigations a successful launching was carried out by means
of a highepower carrier-rocket of the scientific apace station
"Proton-1" into circuntefraneous orbit with altitude at spogee

627 km, at perigee 190 km and dip of orbit 63.5%

The total weight of the working load placed into orbit -
space station '"Proton-1" and the set of measuring apparatus,

= gomposes 12.2 tons.

Construction and succeessful production of the main cystous
and individual stages of the new carrier-rocket enabled to
accomplish the placing into orbit of the complex sclentific

apparetus, included in the spacs station "Protom-1".

The perfection of the new space carrier-rocket is specified

by many technical indices, including the considerable capacity
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of the main power unite generating over 60 millions horse

povwer.

Launching of the new carrier-rocket with the scientifie
space station "Proton-1" proves the beginning of a new era in
the study and mastoring of the outer space. It openc to
science great possibilities in the investigation of circumterraneous
and circumsolar space and of the depths of the Universe through
spacecraft of great weight, which will enable to conduct

extensive scientific investigationse.

The world press highly acclaimed the merit of this new

Soviet achievement in the mastering of the outer space.

Scientific program of space station "Proton-1" is dealing
with a number of fundamental physics problems of ultrahigh-envrgy

cosmic rayse.

The apparatus set up on the station envisages:

-study of solar cosmic rays and their radiation danger;
~strdy of energy spectrum and shemical composition of
particles of the primary cosmic'rays in the enorgy range of upte

1C0,00C billion (10'*) electronvolte;

-atudy of the nuclear interaction of cosmic particlos with
ultrahigh energy upto 1000 billion (1072) electronvolts;

-determination of absolute intensity and energy spectrum of
Galaxy origin electrons;

~intensity and energy spectrum deternination of Galaxy gamma-

rays with energy over 50 milliohs eleotrovolts.

T
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Fyr over thirty years cosmic rays are being studied by
physicists of many countriea. These investigations resulted in
discoveriea, which revealed an iamense diversity in the nature
of elementary particles, out of which is built the substance of

the saterial world surrounding us.

Discoveiies, made in the study of cosmic rays, have laid
the foundation ¢f the newqphere of acience -~ , 1yeics of alementaﬁy
particles, studying the nature of these particles, their inter-
connections and conversions, seeking the most elementary “oricks"
of material. By investigating interaction of high-energy particles
with substance, physicists study the main properties of elementary
particles - their mass, electric charge, forces active between
particles their structural peculiarities. For progressively
deeper penetration into the "interior" of elementary particles

the physicists require particles of progressively higher energies.

In the flux of cosmic rays, arriving on Earth from the
Galaxy dépths, particles are present ( prctons and atomic
neolei of elements) of most diverse energies; thousands, hundreds
of thousands and even billions of billions of electronvolts.
These particles are by many orders more energetic, than those
obtainable in terrestrial conditions by means of the most powerful

accelerators.

The primary cosmic rays of high and ultrahigh energies,
by invading the atmosphere, collide with the nuclei of its atoms

and, by using up their enmergy at high rate, get absorbed in the
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atmosphere. Therefore intensity of the particle of cosmic rays
with high and ultrahigh energy is so low even at the height of
the mountains, that they practically cannot be used for the exact
quantitative measurements, which are necessary for resolving

fundamental problems of the theory of elementary particles.

However, if the investigations are conducted beyond the
limits of the atmosphere, where the intensity of ultrahigh
energy particles is hundreds of thousands times greater, than
at the sea level, then it becomes possible to study the behavior
of particles with energy of thousands and tens of thousands of
billions of electronvolts. Investigations beyond the Earth's
atmosphere can be accomplished only be means of artificial
Earth satellites. In this connection there is a possibility
in future to resolve one of the fundamental problems - the
search for elementary particles, in par ticulars, those forecasts
by the theory of so called "kvars" (reactive kilovoltampere), i.ce.

perticles with charge 1/3 and 2/3 of electron's electric charge.

¥For carrying out the above investigations the construction
is required of apparatus, capable of automatic separation of
particles accordin; to their energies, to select from all the
particles of cosmic rays only those with very high energies, to
measure their enerpy, determine nature of the primury particles
(sepurate protons from the heavier atomic nuclei, and for the
heavy nuclei - to determine their belonging to ome or another
chemical element), to study characteristics of their interection

#with the atomic nucleus of metter.
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Until now the main obstacle for the use of apparatus,
by meane of which it would have been poacible to resolve the
above: problems, was the non-availability of sufficiently
powerful carrier-rockets, capable of placing the artificial
satellites of a weight required for the resolution of this
problem inte an orbit around the Earth. Actually, for the
study of particles with energy of the orderxr of 1011-1015

electronvolt the weight of satellite should be over tem tons.

Fige 17 = Scientific apparatus, set up onm
space station "Proten-1",

1= spectrometer of cosmic rays particles of moderate energy;
2« gamma-telescope; 3-8 complex of lonization colormiter;
9= Jevice for recording high-energy electrons.

The present day space rocket technique has opened extensive

poseibilities for these investigations.
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The construction of a new powerful carrier-rocket and
space station "Proton~1" has enabled Soviet scientists to

develop the required scientific appargtus.

Figs 17 shows photograph of thLe complex of scientific

apparatus, set up on the space station "Proton."

This complex consists of ionizacion calorimeter with
various measuring instruments 3-8, designed for sanergy oeasurt-
ments, determination of the nature of cosmic ray particles
of high and ultrahigh energy and study of their interaction
with matter; device for the study of high energy electrons 9;
ganma-telescope for recording gamma-quantum of high energy 2j
device for the study of chemical composition and energy spectrum

of moderate-energy cosmic rays 1.

In order to study particles of cosmic rays with high and
ultrahigh, energy, the ability is required to select from the
vhole diversity of particles, falling on device, those having
high energy, i.e. primarily the energy of each individual
particles has to be measured. With this object in view the
Soviet physicists have developed an original method, embodied

in & device, denoted as lonization calorimeter.

Fig. 18 shows schematic arrangement of ionization
calorimeter and of the set of measuring acparatus for studying

particles of high and ultrahigh energy.
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The ionization calorimeter consists of a great number

P i TR

of steel plates, arranged between which are the scintillators

of a special plastic. When high-energy particle falls onto

ionization calorimeter it interacts with the atomic nuclei

E)fu“* ' of iron atoms. As a result of collision secondary particles

are producad, which in turn, colliding with iron atoms, give

I birth to particles of the next generation, etc. As a result the
' whole energy of the primary particle passes onto a great

number of the secondary partieleé, vwhich are then absorbed in
the thick block‘of the calorimeter substance (Fig. 18 shows a
sketchk of the avalanche development of the secondary particles).
The absorbtion of energy is accompanied by a light flare in the
plastic scientillators, moreover the intensity of the flare is

- proportional to energy, absorbed in the ionization calorimeter,

i.e. proportional to the snergy of primary particle ( the

light flares are recorded by the photuelectric multipliers - PEM).

Levewse o 44 @
3

0,

%%{mg E:Q Merers

L
;,“; ' ; Fir: 18 - Diagram of the set of ionization calorimeter.
5 S ? 1 - graphite; 2 = pllyethylen; 3 = esection;
g N : b - PEM-I, II, III; 5 - Lead; 6 - Iron.

......
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20 study the nature of cosmic ray particles - measuring
of their clectric charge -~ above the ionization calorimeter
are arranged two special counters, in each of which the charge
is measured independently. The use of tihe two counters should
substantially increase the scourracy of measuring the charge
will permit reliable separation of the primary high-energy

protons from the heavier particles.

Under the counter is a carbon block on one half and
polyethylen block on the other. <hese blocks are the substance,
interaction with which of the particles with high energy will
be the ohject of investigation. Under the blocks of carbon and

polyethylene are the reaction detectors.

Polyethylene consists of iron and hydrogen atoms. Therefore
in one half of the apparatus the reaction is studied of the
ultrahigh energy particles with carton atoms nuclei, and

in the other - with nuclei of carbon and hydrogen atomas.

Results comparison of measurements amplemented by both the
halves permits to separate in pure form the reaction on nucleus

of hydrogen atoms, i.e. protons.

Under the ionizetion calorim»rter is the scintillation
counter, which jointly with reaction detector separate particles,

moving in a certain direction.

& I o T—— PR o -
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Moreover, set up on the space station "Proton-1" ie the
apparatus for studying eleotronic compone..t of high-energy
coemic rays. The principle of ionization calorimeter is applied

alsoc for the measuring of the energy of electrons.

Among other problems, being resolved by tha scientific
apparatur of the space station "Proton-1", high eignificance has
the gauma-quantum recording of the primary cosmic radiation,
energy spectrum determination of the gamma-quantum in the energy
region of 108-109 electronvolts, measuring of the energy spectrum
and chemical composition of the primary cosmic rays of galactic

origin. subjected to the effect of magnetic field, intensity

variation study of cismic rays, energy spectrum and chemical

composit. on study of solar cosmic rays.

Ihe scientific apparatus, constructed by Soviet scientists,
is unique in its scale and specifications. For carrying out
precise quantitative measurerents it requires working in the

actual conditions of space flighte.

A8 a result of launching the first space station "Preton-1"
the whole set of the scientific rpparatus, construction of the
station and its aystems will be tested. At present the ecientific
apparatus is operating normally and hae begun implementation of

the planned program.
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The spacc stotion '"Proton=1" is a compocite modern
scientific laboratory. Besides the scientific apparatus it is
equipped with instruments of telemetric and extratrajectory
measurements, indication system of the station's position in
space, programming devices, active damping :system, control
instrunents of radio-command, power supply sources and

thermoregulatir; system.

Fige 19 = Space station "Proton-1".

1= panels of solar power unit; 2- air-tight body; 3~ data units
of the system indicating position of the station's axes in space;
L~ external sheath; S- antennas of telemetric, radio-command
complex and of the complex of extratrajectory measurements; 6-
chemical sources of curreant.

Ihe internal air-tight body of "Proton=-1" station

protects it from the aerodynamic load and heat effect during its

placing into orbit.
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To prevent excessive heating and coolin; during the
orbital flight the station's body ie covercd on the outside

by highly~effective thermoinsulation.

The required tempcrature is maintained inside the air-

gé.’“ tight body and normal pressure has teen provided for.

The air-tight body of the station is a cylinder with
convex bottom. Inside it the rear and central portion is taken
up by the scientific apparatus, position indicating system of
the station, electro- and radio-equipment, ielemetric instruments,

and also units of thermo regulating unitse.

i) Attached on the air-tight body from outside are the
panels 6£ solar batteries and the mechanisms of their openiag,
i : also the eensitive data units of the position indicating system.
Disposed on the rear bottom are the units of electro~ and
air-damping with cylinders of compressed gas, gas nozzles and

control instruments. Also here is the external radiation

heat-exchanger. On the station's body are the antenna systems
of telemetric and radio-command complexes and the complex of

. 4; extratrajectorial measurements.
ot Between the external reinforced shell and the station's

bocdy are the containers with chemical batteries.

T The complex set of the scientific avparatus forces to

resolve a serious problem - transmission to the Earth with

':*{[
=2
3
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high degree of accuracy of all the measured data. Mnis is served

by highly-informative telemetric apparatus -n board.

The reliable and exact measurements of the orbital
parameters are assured by the ground me:suring complex and

the special signel radio-equipment on board.

Operation of the sc¢’'entific apparatus and all the systems
of the station is controlled both by the programming device

on board and by radio-ccmmands from the Earth.

The indication system permits to determine the angular
position of the station in space at every moment and, therefore
fix»s the direction of cosmic rays under investigation. The
indication system includes combination of sensitive data units.
The angular velocities of the station are measured several

times a day by means of gyroscopes,

o calm the station after separation from the carrier-
rocket and imparting some negiigible angular velocity in
reapect of dl three axes there is a damping system with gas
nozzles, high-pressure cylinders and control apparatus.

The station's rotation at low angular velocity assures noramal
operation of solar battiries, a more urniform temparature
conditions of the station and the "rsquired survey" for the

scientific apparatue.
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Lo provide temperature conditions required for the
normal operation of apparatus, the station is equipped with

thermo~-regulation syston,

The complex set of the board apparatus with continuous
opasration of the main systeme required construction on the

station of hizh power solar unit.

Solar batteries provide power supply to the apparatus
on the sunny side of the orbit and recharging of the chemical
buffer battery for power supply on the shady side of orbit,

when the station is not lighted by the Sun.

Solar batteri¢s are arranged on special panels, which
prior to the station's placing into orbit are laid in the
shape of iruncated pyramid. In orbit the panels open out and
are fixed by a special device, forming something like a four-

cone S8SCreve

Heavy artificial Earth satellites, similar to space
station '"Proton~-1", equipped with apparatus of the type of
ionization calorimeter, open cut wide prospects for the study
of a vast sphere of problems, which are lonz awaiting for
their reaolutions <[hese include primarily precession measurements

of the probability of collision of protons with protons at

12_,,13

energies 10 electronvolts, of protons with composite

12_, .

nuclei at energies 10 "=10  electronvolts, study of the process
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of collision of ultrahigh energy particles (birth aof secoundary
particles, their energy distribution and some other parameters).
these inveetigations are necessary for penetration into the
structure of elementary particles, study of the innermost

secrets of the micro-world,

Similar investigations, conducted in terrestrial conditions
by means of enormous accelerators, require construction of
progressively more powerful and expensive accelerators. However,
the accelerating technique places a natural limit on the
attainable energies, approximately of 1000 billion electronvolts,
and, apparently, during the next few years this type of
accelerators will not be constructed. Investigation of the
properties of elementary parvicles with ultrahigh energy by
means of apparatus at '"Proion=1" is an essentially new step

in the investigation of cosmic rays.

Study by means of this apparatus of the chemical
composition of cosmic rays, their distribution according to
energies will enable to elucidate, how the "accelerators"
which communicate to particles emormous ene gies, "work" in
the interior of Glaxy. These investigations will bring us
closer to understandin: those processes, henomenal in scale,
which control development of Galaxies and, perhaps, of the whole
Universe »

"Pravda', 7 August 1965.

———
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TASS COMMUNIQUE OF THE LAUNCHING OF SPACE STATION "PROTON=-2",.

in accordance with inveetigations program of the outer
E'ﬂ%ﬁ ' space launching was successfully accompliehed in the Soviet
union on ¢ November 1965 by means ¢“ a high power carrier-
rocket of a heavy scientific space station "Proton-2" and a
set of measuring apparatus. The total weight of working load
(without the last stage of the carrier) eame as in the launching
of space station "Proton-1" composes 12.2 tons and is the
higheat working load, placed so far into the circumterraneous

orbit.

The space stapion "Proton-2" is placed into orbit with
altitude at apogee 637 km and at perigee 191 km. Ihe dip of

orbit is 63°30'. revolution period 92.6 minutes.

The "Proton-2" station is equipyped by special scientific
and measuring apparatus for the continued investigation of

ultrahigh energy cosmic rayss

- study of solar cosinic rays and their radiation danger;

- wnergy spectrum and chemical composition study of coemic
rays in the interval of emergies upto 100 thousand
billion electronvolis;

- nuclear reaction study of coemic particles with ultrahigh

energy of upto 1000 billion electronvolte;
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- absolute intensity and energy spectrum determination
cfgeactic origin electrons;
- intensity and eunergy spectrum determination of Galaxy

gamma~rays with energies over 50 million electronvolts.

Besides the scientific and measuring apparatus the station
contains radio-transmitter, operating on frequency 19.545

megacycles.

Anglysis of received telemetric information shows, that
the apparatus on board the space station "Proton-2" operates

normally.

Coordination-computing centre is conducting the processing

of incoming information.
"Pravda', 3 November 1965.

PASS COMMUNIQUE ON THE LAUNCHING OF SPACE STATION “PROTON=-3",

In accordance with the program of outer space investigations
in the Soviet Union on the 6 July 1966 a successful launching
vas accomplished by means of a high-power carrier-rocket of a
heavy space ststion "Proton-3" and a set of scientific and

measuring instruments.

Space station "Proton=3" ic placed into orbit with altitude
at apogee 630 km and at perigee 190 kme Llhe dip of orbit 1e

63.5 denrees. Revolution period 9Y2.5 minutes. The "Froton=3"
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station is equipped with special scientific apparatus for

continuing compcsite investigations of cosmic rayst

« study of solar cosmic rayss

= energy spectrum and chemical composition study of
cosmic rays in the interval of energies upto 100 thousand
billion electronvolts;

-nuclear reaction study of cosmic particles in the
region of energies upto 1000 billions electron volts;

absolute intensity and energy spectrum determination
of galactic electrons;

-~ the search in primary cosmic rays of particles with

fractional electric charge.

Besides the scientific and measuring instruments, tne9
space station cuntains radio-transmitter, operating on

fraquency 19.545 megacycles.

fhe analysis of received telemetric information shows,
the apparatus on board space station '"Proton-3" functions

normally.

The coordination and computing center is carrying on the

processing of incoming data.

"Pravda', ? July 1966.

e e e sttt
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SOVIET UNIQUE EXPERIMENT "PROTON".

B.P. Konstantinov, Vice-President of the Academy of
Sciences USSR has stated in regard to the recently accomplished
in USSR successful launching of a heavy scientific space station

"Proton-3",

with the launching of "Proton-3" the implementation
continues of the program of studying cosmic rays, begun by
the launching of scientific stations "Proton-1" and “Proton-2".
One of the very important questions is the investigation of
spectra and charge compsotion of high and ultrahigh energy
particles and the study of conformity in their reaction with
nuclei « W2 must remind, that the question &s ol the energies
of particles, unattainable for the presently active and

planned accelerators.

Tentative results were obiained on "Proton-1" of the
effective cross-section of protens reaction with nuclei vs.
energy. Measurements, conducted in the range of energies
from 10 to 1000 milliards of electronvolts, have shown, that
the reaction cross-section increases with the rise of protons

energy, probably, by tens of percents.

Since this result with reliable confirmation will be
of very high value for the further development of the theory of
elementary particles, the same experiment is being repeated on

"Proton=3" in better conditions and with better statistices.
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On "Proton=1" for the first time has beon measured
directly the energy spectrum of the cosmic rays primary
particles upto enecrgies of 100,000 billions of electron-
volts; unexpected results were ocbtained of the anomalously
high inteneity of electron flows with energies of hundreds

of millions of electronvolts in proximity of theEarth.

Apparatus, set up on "Proton-1%*, made it possible to
begin the atudy of the composiion of the primary cosmic rays
within the sphere of very heavy atomic muclei. It is interesting
to mention, that prior to the launching of space station
"Proton=-1" by joint endeavours of many Soviet and foreiga
scientists ‘he recording was made in the primary cosmic rays
of just a few nuclei with charge of about 40 units. One
flight of '"Proton-1" has permitted to widen sut appreciably
our information on the fraction of nuclei with charges 40 and

50 in cosmic rays.

The launching of "Proton-2" had primary object to check
and confirm those new and largely snexpected results obtained
on "Proton=1"e +‘he amount of scientific information obtain-ed
on "Proton-2" exceeds hundreds of tiseu that obtasined on
"Proton=-1".

Space station "Proton=3" is in prianciple a space scientific

laboratory. +<he weight of the stationm is over twelve tons.
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The vo main objects of the scientific station "Proton«3"
E“ .l g is the continuation of investigations begun on "Proton-1" and

Eﬂw'mi ? "Proton=2" with the setting up of a number of check tests, and

";“f : carrying out of mew investigations om particles with fractional

o ; charge.

The present-day theory indicates the possible existence
of fundamental elementary particles, out of which all the
’ﬁ!,; : highly-reacting particles are made up. One of the types of these

fundamental particles has a fractional electric chargee

Only the experiment can answer the question whether such
particles are existent in nature. If they do exist, they should
originate in the particle collision of cosmic raye of ultrahigh
energy with atoms of interstellar matter. Therefore their

discovery is possible in the composition of the primary cosmic rays.

Set up on "Proton-3" is a new composite scientific

gwéj apparatus for the search in the primary cosmic rays of elsmentary

particles, the so called reactive kilovolt-amperes.

Moreover, on "Proton-3" the effective srea of the apparatus

for the study of superheavy nuclei in the composition of cosmic

rays is enlarged almost ten times.

By launching ot the scientific space stations series

"Proton" new possibilities have been created for investigation

f' of high and ultrahigh energy particles in cosmic rays. These
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investigations have already produced scientific results,
which will help to develop our concepts in a number of spheres

of physice and astrophysics.

On basis of tho carried out investigations it is possidle
now to outline the way o2f their future development, It may be
expected, that by means of the heavier space stations physical
laboratories will be constructed beyond the atmosphere, which
will enable us to study the finest processes, taking place
in the collision of particles with enormous energies, and the

gigantic processes will be studied within the depths of the

Universe.

"Krasnaya Zvezda', 10 July 1966. (TASS)

PASS COMMUNIQUE ON THE LAUNCHING OF "COSMOS=1",

16 March 1962, the Soviet Union has carried out ‘he next

launching of the artificial Earth satellite.

According to tentative calculations the satellite came

out into orbit with perigee 217 km and apogee 980 km. Period

of the satellite's revolution is 96,35 minutes. Orbital inclination

is 49°°

On board the satellite ‘3 scientific apparatus, radio-
telemetric system, radio-transmitter, operating on frequencies

20/003 and 90,018 megacydles.

PLN—
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< ’: l Observations of the satellite.and reception of telemetric
data is carried on by ground points of command and measuring

complex, located in the territory of the Soviety Union.

On 16 March the satellite will pass above the following
towns: New=York at 19 hrs. 46 min. Addie Ababa at 20 hrs. 12 min.
Wellington at 20 hrs. 50 min., Los-Angeles at 21 hrs. 18 min.,

Ottawa at 21 hrs. 27 min., Melbourne at 22 hrs. 26 min.

The launching of the artificial Barth satellite ig the
continuation of the program for investigation of the upper
atmospheric layers and outer space, for the implementatioz
of which in 1962 a series of launching will be carried out
from wrious coemodromes of the Soviet Union of Artificial

Earth satellites.

The scientific program of these investigations envisages:
- concemtration study of charged particles in ionosphere

with the object of investigating propacation of radio-waves;

=study of corposcular flux snd low energy particles;

k e;w{‘ _ -~ energy composition study of the farth's radiation belts
. %f;‘ ' for estimation of radiation danger during loageterm space flights}
%o. -prigary composition and intensity variation study of coemic
rayss
;:%°w;¢ ' =gtudy of the Harth's magnetic ield;
: °q"; : i =atudy of the meteoric matter sfrlact on constraction details

of space objuctes;
. { ~distributioa and formation study of cloude in the Barth's

atmoaphere.
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Moreover, many construction details of the cosmic vehicle

will be worked out.

Separate communiques wiil be published on the launcaing

of thie series of satelities.

As a result of acocomplishing the marked prograz Soviet
scientists will obiain new possibilities for investigating
phyesics of the uppor layers of the atmosphere and the ovter

space.

"Pravda", 17 March, 1962,

HUNDRED SPACE-PROBES.

Over three and a half years ago, on the 16 of March 1962,
Soviet artificial satellite "Kosmos=1" was placed into orbit
around the Earth, which laid the foun.iation for the extensive

investigation program of circumterraneous cosmic space.

During the last few years in connection with considerable
frontal expansion of theoretical and experimental work, steady
development of rocket techndque.: and improved methods of
investigations our concepts regarding the couuic processes
have become enriched to a considerable extent. Various
grandiocse phenomena of nature, such as solar activity( for
instance, chromospheric flares), ionospheric and wagnetic
disturbances, wlar lights and many others, have ceased to

appsar isolated from each other. Moreover, they cou:d,obviously,
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be un ersteod only by studying the interdupondence of theae
phenomena. It is precisely this problem being pursued by
many investigations, which are being conducted by Soviet

scientists on "Kosmos=1".

Now, when the launching has been completed of one
hundredth “"Kosmos", a considerable amount of information has
been obtained both on scientific and applied problems,
connected, in particular, with constructioa details improvement
of the space vehicles, workirng of the orientation systems,
providing of reliable protection against the dangers of
radiation, conditions investigation of the entry into atmosphere
and landing in a preset area. Among the results of scientific
investigations, data on radiations of inner and outer zone of
radiation belt is of undubitable practical interest. Due to
long-term measurements on "Kosmos" satellites radiation doses
were determined inside the satellites and in the surrounding
space at altitudes of their flight. Thie radiation was
investigated against the solar and geomagnetic disturbance.
“he obtained results have enabled to confirm the nature of
recordable penetrating radiation. At the same time distribution
and intensity were studied in detail of the charged particles
in areas of the Southern Atlantice and the coast of Brazil,

where azomalies of the geomagnetic field are evident.

PSSO —
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Besidos these data, significant for the checking of
radiation environment in the noareot space, where passed the
routes of our "Vostoks" and "Voskhods', was thc consequence
study of hizh-altitude thermonuclear blamt, carried out by
Americane on the 9 of July 1962. Powerful penetrating
radiation of explosion products has conaiderably increased
the :ipradiation dose (specially during the first day after
the explosion), to which the space men would have been
subjected to . an altitude 200-300 km even behind the quite
solid protection. As shown by the subsequent measurements
or "Koamos" satellites, the artificial radiation belt, formed
after the explosion did not get "dispersed" for a long time
at high altitudes, specially in the vicinity of equatorial

plane.

Of highest interest to geophysicists are the flux
investigations of low-energy electrons and ions. These
radiations are not dange-ous to space men, but they
appreciably affect the basic processes in the upper atmosphere,
such as polar lights, intensity variation of magnetic field,
density and temperature rise of the atmosphere. The charged
particles, generally denoted ae "geoactive corpuScled) were
inveatigated for quite some time by the instruments of
"Kosmos" satellites. Discovery was made of “softer" particles -

electrongs with energies of some tens of electronvolts, formed

-
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in the ionization of the upper atmosphere by solar ultraviolet
radiation. #istribution of these and higher energy clectrons
in relation to megnetic lines of force and their variations
provide the grounds for assuming existence in the upper
atmosphere of electric fields, which affect the dynamic
processes in the Earth's magnetosphere and on the reaction

of magnetosphere with "solar wind" - plasma flux continuously

blasting it.

According to program of universal magnetic survey experimental
data were obtained by measurements with a special construction
device - proton magnetometer - regarding the intensity of
geomagnetic field at altitudes of about 300 km from the Earth's
surface. The investigations included also sources of the
variable magnetic field and extent of their effect on the
variations of the fields mean values in the vicinity of

the Earth.

Regular background measurements of the primary cosmic
rays and their intensity variations have enabled to follow
some conformities, connected with solar and geophysical
phenomena, and to obtain a definite information regarding the
nature of highe-energy particles and processes, occuring in

the interplaretary space.

Considerable attention was paid to the study of terrestrial

ionosphere and propagation conditions of radio waves. Concentration
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7?;: : of electronc and its orbital variation were investigated by

ground-stations recording of radio-sigrals from board
transmitters '"Mayak". Various large - and emall - scale
ionspheric  nonuniformities were also investigated., The
majority of these monuniformities, connected, apparently,
e with ionospheric and magnetic disturbances, is on the level

of the maximum electronic concentration layer in the ionsphere.

By means of various types of charged particles traps,
concentration and temperature was measured of icns and

electrons in ionosphere during a period, close to the minimum !

i of 11-year cycle of solar activity. As a result a considerable
ﬁQV: change was discovered in altitude distribution of charged
particles concentration in comparison to 1953, when the Sun

was the most active.

-g?; Considerable changes during the period between the
= i: | maximum and minimum of solar activity were noted also in the

“ neutral atmosphere. According to data on the drag of "Kosmos"
. i satellktes due to aerodynamic resistance forces distribution

was calculated of atmospheric density and variation estimated

S in the interval of altitudes from 170 to 300 km. This is of
| the highest value for predicting the existence time of satellites

ﬁj and specially of the piloted spaceships. D»ta were obtained

also for higher altitudes. It is interesting, that density

. »; ‘ reduction in 1964 in comparison to 1958 at 300 km altutide was

several times, and at 400-500 km - almost huhdred times.
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Several "Kosmoses" were equipped for studying Earth
reflectad infrared and ultraviolet radiation, distribution
of atmoepheric radiation in altitude, stc. The results of
these measurements are of high value for geophysics and at
the same time provide important information for improving methods
of meteorological forecasting and other objects. Of high

practical value were also density measurements of the finest

‘dust particles - micrometeors and their effect on the surface

of solar batteries, optical instruments and construction

details of satellites.

Naturally, it is practically impossible to name ali the
authors of these and others experiments not mentioned here.
An extensive sphere of work was inpleménted by groups of
specialists headed by Ya.L.Alpert, S.N.Vernov, K.I.Gringaus,
Sh.Sh. Dolginov, Ve.I.Krasovskii, A.I. Lebedinskii, T.N.Nazarova,

A.B. Severnyi and many others.

I'ne success achieved by Soviet science in the study of
cosmic space, is a great contributioh into successful accomplishment
of such achievements, as long-term flights of Soviet spaceship
satellites "Vostok" and crews of cosmic shipe "Voskhod", the
use of artificial Earth satellites for radio-communications,
transmission of television programs. Accumulatiovn of experimental
resulte of cosmic investigations places on tahs day's agenda

questions of creating new modern theories for explaining the
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nature of diverse key processes,taking place in the Earth's
atmosphere. The program of scientific investigations on
Soviet artificiel Earth satellites "“Kosmos" is of primary
significance for further study and practical use of the

circumterransous space for the good of mankind.

"Izveatiya'", 18 Decemter 1965. M., Marov, Master of

Physico-Mathematical Sciences.

QUANTUN GENERATOR IN SPACE.

In 1954, as we know, Soviet scientists academicians
N.G. Basov and A.M. Prokhoré; have constructed the first
quantum generator on a cluster of ammonia molecules, which
radiated electromagnetic waves 1.25 cm in length. Simultaneously
and independently similar generator was made by American
investigators G. Caiger and H, Tawns. During the years since

then a new trend was born in physics - quantum electronics,

which has now become one of the leading branches of science.

About a year ago quantum device has practically came
out into space. 26 November 1965 an artificial Earth satellite
"Kosmos=97" was placed into orbit in the Soviet Union. On Board
was a quantum generator, developed and constructed by a groun

of scientists and engineers under the supervision of Academician

o eeesei e eean emes st | el esm 4 wiere a te
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N.G., Bosov and Prof. M.I. Borisenko. By now the specialists
have totaled up the results of this most interesting experiument.
"Pravda" correspondent has asked N.G.Basov to comment on these

results. Heve is what hc saids

-« Devices, based on the quantum principle; have a number
of advantages over the ordinary generators of electromagnetic
waves. The molecular oscillator is not of high power, but the
stability (constancy ) of its radiaticn frequency is very much
higher than the indices of the best quartz (crystal) oscillatorse.
This is what has specified their application in radio-technique
as high-frequency generators, due to which the sensitivity

of receiving apparatus has become many times higher.

The use of molecular oacillators in the board instruments
of artificial Earth satellites will make it possible to
establish communication with epace vehicles, their control and
transmission of telemetric information at enormous distances.
Moreover, in this case the accuracy of the time-programming
devices and trajectory control system will be considerably

enhanced.

Simple in construction quantum osciliators on ammonia
could be used ashigh-atability frequency generators on board.
They are etable against vibrations, compact and long-lasting.

the first test of quantum standard of frequcny( time) was set up

e . e e e s et
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on the satellite "Kosmos=-97". <he satellite was flying
along an orbit with altitude at apogee 2160 km, and at perigee
=221 kms One of the modified versions of "Kosmoe" satellite

with solar batteries was used for the test.

‘The molecular oscillator iz fitted on the outside of the
sateliite and covered with a jacket. Ihrough air-tight leads
the oscillator is connected with the instruments inside the

satellite.

''he transmission of scientific tests results to Barth
was by means of multichannel radio telemetering. For determination
of coordinates and velocity vector the satellite is equipped
with an orbital radio-control. <This helped to determine the

satellite's orbit and to predict its flight.

Operation of molecular oscillator was controlled by a
special command radio-line from ground stations and independently -

by means of time-programming device.

For the first time during the flight the molecular
oscillator was tested in conditions of natural vaccum, the effect
of weightles 1ess and of other factors of cosmic flight on $he
oscillator's performance wae checked. Frequency comparison of
molecular oscillator on board with the ground standards was
oonducted by means of a two-way radio-communication system.

Data analysis of telemetry and frequency tests has enabled to make

deductions required for further constructive development of quantum

A
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Fige 20 = Artificial satellite '"Koamos-97'".

?{ 10 scientific instruments compartment; 2- molecular oscillator;
: 3= solar battery; 4~ buifer batteries block; S5~ thermoregulation
i gystem; 6- servosystem block; 7- position transducer of satellites

frequency standards on board with au object of constructing

commercial samples of devices for widespread application.

"Pravda", 1 November 1966,
% BIQLOGICAL URBITING LABORATORY:

Increased duration of a man's flights into tosmic space
~ 55‘ and the rising difficulties of the set protlems reguire
N preliminary intensive vhysiological investigations in conditions
of the actual space flight. [lhese investigations are directcd

to study the functional condition of a live organism. Lhe highest
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value in these investigations is attached to th2 study of cffect
on living organism of factors, connected with the absence of
terrestrial gravitation, and aleo the effects of cosmic
radiation. 7These investigations should result in construction
of systems and means, enhancing the stability of organism in

conditions of cosmic flight.

Resolution of this problem is bound with penetration
jnto finer working mechanisms of various physiological systems
and requires application of composite methods of investigation,

which could be carried out only on animals due to the following.:

- possibility of using composite methoda (implantation
of probes into the heart, into jndividual sections of vascular
charned, withdrawal of blood in a sufficient quantity for carrying
out of various biochemical investigations, igplanting of electrodes
into cerebral formations, etc.), which would enable to resolve

the main questions of cosmic physiology;

- possibility of approving new systems and means, which would
enhance the stability of organism to adverse effect of factors

in cosmic flightj;

- possibility of conducting biological recconnaissance of the
future routes of cosmic flighte;

- puseibility of conducting investigations on cellular level
(microscopy, enabling to determine fine structural changes in

cellular formations)e

L T e T L
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On general recognition of Soviet and foreign investigators,
the most defined changes, marked in the living organism in teat
conditions, will be in the activity of cardio-vascylar system,

which is largely responsible for the vitality of organism.

Hence the great interest of scientists to the working
of the heart and of the whole circulation system in such unusual
conditions is mot just casual. The medico-biological test,
which is being conducted on the specialized Earth satellite
"Kosmos-110", is dealing with further intense study of this

question.

Fige 21 - lhe outside view of the main animal's cabin.

'he study in the present test is of one of the most important
problems of cosmic physiology - the state of neuro-reflex regulation
of cardio-vascular system. Lhe following set of investigations is

being implemented with this object:
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- gauging of arterial pressure by means of a probe,

é implanted in the arterial cesnal of the animal; the same
probe is used for administering pharmacological preparations,
which permit to estimate the functional state of reflex

Esjk!f] 1 regulation of the blood-circulation system;

- recording of the biocurrents of the heart by means of

implanted electrodes;

- recording of a pulse curve from the carotid artery,

brought out into a skin flap;

-recording of seismocardiogram and respiration.

dioreover, electrodes are implanted into peripheral
e nerves ( sinus nerve), which provides the possibility to
estimate the activity of the cerebral central formations,

controlling the vascular tonus.

'wo separate cabins are fitted on the artificial
satellite "Kosmos-110" fo: “he test animals - dogs Veterok anu
Ugolek. The chief test amimal is Veterok, the second animal
is for testing. The cabin of the chief animal, besides the
systems and units, present in the second cabin, has a pharmacological
container, vessels for keeping pharmacological preparations.
Mounted on the same cabin is an air system, operating on
R K  : compressed gas and serving both the cabins for supply of food and
pharmacological means from corresponding vescelse

fhe outeside view of the chief animal's cabin is shown in

s o : F18021o

[
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‘he dog could adopt different positione ipn container.
It is wearing a special corsetsuite for fixing it in the
’*25' : cabin and for attachment of various data units and communications,
gt :Z ' serving for scientific investigations and feeding(Fig. 22).
“Q‘éé 1 The clearly visible in Fige. 21 the transparent hood with

‘{;ff ? air-intake permits visual observation of the doge.

The diagram of the cabin is illustrated in Fige 23. The

air-tight container 1 of the animal is made of aluminium alloy

and attached are the food container 2 and pharmacological
container 3, also made of light alloys. [Ihe transparent bell

4 is made of organic glass. On top of container 1 is a block

of physiological data units 5. Under the dog's stomach on the
floor of container 1 is a collector of fluid waste 6, and

hehind the dog -~ collector of solid waste 7. Under the floor
&}::f i of container 1 is an air-system with cylinder of compressed

. gas 8. In a separate compartment 9 are the ventilators,

filters and some other units and devices ~f the life-protecting
system of the animal,

@i?:4 : the food container 2 is meant for the storing of food supply
' f.f for the whole flight and its feeding to the dog along the food
'f4%f f line 10. In container 2 are elastic vessels, in each of which is
| stored food supply; the vessels are connected to the common container
and food line 10. Pipes connecting vessels with container have
shutters, which are uvpened by the actuator mechanism on command

of the programming device. The feeding from the vessels is along the

pipc M.
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The nnimale nre fed by paste=like food, placed in pertione
ir plastic containers, whence it is squcczed by pneumatic devices
directly into the animal's stomach. The command for fecding arc
given from the command device according to program, fixed on

earth and corrected, when ncnessary during the flight,

| The feeding of medico-biological preparations from the

| pharmacological container 3 is along the hose 12 on command of

the programing device. The preparations are fed by pressure of

| compressed gas, convc, 1 into container 3 from the air system along

? the pipe 11

Fig.22: "Kosmos=-110" has the following systems on board:

1) Conditioning and regeneration of air in the
: animals cabinsy

£ 2) Ventilation of cabins;

: 3) Disposal of solid and fluid wasteg

L) Animals feedinge

[P ———
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5) administration of pharmacological preparations §
O 6)  control and regulatioin;

7) telemetry.

‘he conditioned air is fed inside the animal's container

through eir-intake 13 of the transparent bell 4,

: Q;? 1 Ventilator 14, activated by electric motor, sucks the
air out from container thrdugh collector of solid waste 7 and
filters 15, which serve to clean the air from drop moisture and
harmful admixtures. Rarefaction caused by the ventilator
in animal's container provides for the arrival of fresh air
in container through the air-intake 13. In order to increase

{ the reliable working of system, special electronic unit 16
cuts in a duplicating ventilator 17 in the case if veutilator
14 should stop. Since in conditions of weightlessness suspended
solid and fluid particles may accumulate in the air of the
animal's container, special programming devige cuts-in for
half a minute every two hours of the flight an additional high-

power ventilator 18 for their elimination.

In the control and regulation system the use is made of
.;Ji;; : electronic command programming devices for giving the required
o signals to actuators, sensitive elements for recording parameters
“w;f’ f in syctems and actuators of electric, pneumatic and mechanical

typoe
:>'.>'5 f Sisnals of physiological data units 19, mounted on the

corget-suites of animals, and trancducers of various parameters
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in ayetema, and alse signals for the feeding and implementation
of various cemmonds are tranmuitted t. the ground ceordination
and computing centegy, which precesses this infermation, by meansn

of radio telemetric system.

Fig. 23 ~ Diagram of the cabine

4~ the animal's container; 2- food containerj 3= pharmacological
container; 4- transparent bell; 5= block of physiological data
units; 6~ collector of fluid wastej 7- collector of solid waste;

8= cylinder of compressed gas; 9= separate compartment with
ventilators, filters and some other units and devices of the
animal'e life protecting system; 10= rood conductor; 11= pire;

12- hose; 13= air-intake; 44~ ventilator; 15- filter; 16- electronic
device; 17— dublicating ventilator; 18« high-power ventilator;

19- physiological data unit.

fhe following is being carried out on the artificial
satellite "Kosmos=110":
- administ:ation of puarmacological preparations, individually

affecting sensitive cells (chemoreceptors), located in the

carotid zonej
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- electric stimulatiean of sinuo nerve, conductiag

impulsation from the careotid zonej
- pressiag of carotid artery, brought out iate skin tlnpj

- gauging of arterial pressure.

From the reaction of arterial pressure it is pessible
to judge regarding changes in the functiomal state of the most

poverful zone, respomsible for the regulation of vascular tomus.

From the level of blood preesure estimatioa is made of
the reflex sctivitr, which depends mainly om the work of the

central formatiom of cerebrum.

Reflex activity is being estimated, which depends mainly
on condition of mechanical recepters of vascular canal)formations,

perceiving mechanical chaages im the vascular wall)e

The information ie transmitted aleag the radio-telemetrie
chanmels of commumication ¢t~ the Earth, vhich makes it possible

to assure quick medical checkimg of the amimals conditica.

In today's experimemt the ship's orbit is for the first
time chosen w.sh sm estimate of its being for a lemg time in
gones with higher radiatioa (protons of the Esrth's radiation

belts)e

In this conmectiem it seemed necessary to carry out aleag

these routes a set of investigation oa radio-bielegy, rretestion

end desimetry of cosmio radiatiom. the meim ebjests of these




(2k2)

inveotigations ares

« pradio-sensitivity etudy of various biological objects

and its variation umder the effect of cosmic flight factors;

- investigation and checkiag of methods for estimating
protection of cosmic ships, amd also of billogical objects

from cosmic radiation;

« study of the distribution of doses and composition

of cossic radiatiem in the cabin of a eatellite;

- testing dosage of radiation effect on dogs and other

bio=objectss

-testing of some types of biological dosimeters of

cosmic radiation.

For investigations of radiation safety the mest suitable
bio-objscts were chosen on the artificisl Earth satellites

"Kosmoe=110" with pertinent imnstruments.

Besides the dogs, the foliowing bio=-objects are contained

on board the satéllite in special containersg

- various strains of yeastj
« samples of blood serum é

preparations of various proteins;

- come strainc of chlorellaj

gome otrains o lysogenic hacterdne
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For physical investigations containers were placed
on bdoard the satellite with integrating dosimetors and
puclear smulsions and blocks for determinatiom of protection
measures for biological cbjects from cosmic radiatioms.

Attached to each dog are sets of imdividual dosimeters.

In conclusion it may be meationed, that data, imcomiag
at present along the telemetry channels, permit to assume, that

the experiment is successful,

N.M. 31.*"“. V.N. ?r.'.t'kiig
B. B, Egorove (TASS)

"Pravda", 1 March, 1966.

COSMIC ARROW:

Oa 4th October 1957, Seviet sarrier-rocket has pimced
into orbit the first in histery artificial Earth satellite.
8ince then the Soviet sciemde has made an enormeus step
forvard in the study of the Universe, and the greatest service
ia this belongs to research satellites of the "Keames" series.

Tho mumber of their launchimg ia ever 150,

New achievements of the rocket techaique have made it
possible to use the artificisl Barth satellites for resolviag

impertant problems of the National Ecomomy. By means of the
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satellite "Kosmos-122" the implementation was not only

of meteorological investigations, but information was also

obtained, useful for a quoik forecasting. Now anéther meteorological
satellite "Kommos=-144" assiste scienticis from the altitude

of 1ts ordit to forecast the weathor more exactly.

The investigations of cosmic space are continuing.
Today the Editor effers for the attention of Readers am
article about cre of the new explorers of the Universe -

artificial satellite "Kosmos-143%,

Ome of the objects of the soientific. pregram of
investigations, anmounced by TASS on th, 16th of March 1962
and conducted by means of artificial Zarth satellites of the
series "Koesmos', is the study of the Earth's atmosphere
properties throughout its thickness. The application®r this
of Earth satellites is specified by the glebal nature of the
atmospheric processes. Théwe investigations are bound both
with the uase of artilicial Earth satellites for weather forecastinmg

and with questions of a more general geophysiocal sigmificance,

At present by means of méteorologicsl satellites
television imsges are being odbtained of cloud systems and
actinometric data on the radiation field of the Earth.
Qualitative syrdptioc analysis of this information is successfully
used by scientists im %e-composition of sperative weather

forecasting. However further development of cosaic meteorelegy
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requires ¢xpansion in the composition of information obtained
through satellites. For instance, data are required on
temperature, humidity, wind velocity and, hence, development

of new methods 2nd corresponding apparatus.

Some of these problems were being resoleved, in particular,
on "Kosmos-149" launched on 21st March 1967 on to orbit with
altitude at perigee 248 km and at apogee 297 kme Inclination of
the orbital plane is 48%241, The experiment was in the naiture of
exploration and wes estimated for a short active existence of
the satellite. The obtainable data were not used for an operative

meteorological forecasting,

The scientific instrumencs on the satellite included, in
particular, two multichannel photometers. They were scanning
the earth - following its surface in two perpendicular directions.
The photometers determined luminosity of the planet in narrow
interval. »f spectrum, including the absorption band of molecular
oxygen in the visible region. Another device - radiometer -
measured self-radiation of the earth in the so-called atmospheric
window ( section of infrared spectrum with wavelength from 8 to
12 microns, in which the radiation is practically unabsorbed by
the water vapor, always present in the atmosphere ). The original
construction of this device enabled to obtain the accuracy in
measuring " radiation " temperature of avout one degree,
Television system was also set un on the satellite, which played

an auxiliary parte
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In contrast to actigsmetric program of "Kosmos=122" and
"Kosmos=144", which was direoted maiamly to obtaining of complete
(integrated in spectrum) “drifting" radiation of the Earth, the
investigation program om "Kosmes-149" envieaged radiatiom
measuring in narrow sections of spectrum. Theae measurements
permit to obtain exact information atmospheric composition and

~
characteristics of terrestrial surface and cloudiness.

Fig. 2 - "Kosmos - 149",

1= bodyj 2« illuminator of television camera; 3- data unite of
automatics; 4= antemnasj S5- aerocdynamic stabilirer; 6= atabilizer
rods; 7- advance mechanisa of stabilicer.

The board systems and umnits of the satellite were eperating

according to a special prograz of the flight. Resutls of scientific

tests and data om the opsration of board uystems were recorded
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by the wéusry and transmitted to Earth by multichannel
radio-tslemetric system with the passage of satellite above the
USSR territory. Orbital parameters determination and
prediotion of the further flight of satellite were implemeated
by radio-control systes. The operations of satellite wvere
controlled from the Earth along a command radio line and

independently by time-programing device.

The scientific instruments and service systems eof
satellite "Kosmos-149" were disposed im the air-tight body.
Set up on the outside vere the data units of the scientifio
instrumente, antennas of the telemetric, command and television
systems, illuminator of televisiom camera. Maintained inside
the satellite for mormal performance of instruments is the
pressure of inert gas, close to atwmospheric, and a definite
and quite stable temperature. On the rear homisphere of . .
the ibody are the shutters of thermeregulating system, on the
front - actuators of gas-reactive system for preliminary calming

of satellite.

Duy to comparatively lovw latitude of flight it was possible
to use on the satellite aeregyroscopic stabilization syetem,
which assured a triaxial orientatiom in relatiom to vector of the
oncomipg flux and directiom to the Earth's centep with aceuracy
of five degrees. It is made up of a special aerodyassic stabiliczer

and gyrodamper,
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Prior to the separatiom of satellite from the carrier~
rocket the rods are folded and the aeredynamic stabilizer lies
on the réar hemisphere of the satellite's body. Aftor separation
on command of the timing programer the rods are advanced by
seans of a special gear and the stabilizer gets set iato working
poeition at some distance from the body.

The designation of the serodynamic stabilizer of the
satellite is the saze, as of the arrow's feathering. Stabiliger
results in the eppearance of reducing moment in pitching and
wobble, which tend to combinme the lomgitudinal axis of the

satellite with velocity vector of the oncoming flux.

To assure stabilization in listing, i.e. elimination of
turning around longitudinal axis, there is a pair of two-stage
gyroscopes fitted on the satellite. Their total kinetio
moment in normal stabiligation is directed perpeadicularly to
orbital plame. The position of gyroscopes is arranged iz a
way, that with the deviation of satellite from the oriented
position there is a reduciag gyroscopic moment. Besides the
stebilization in listing and yaw, gyroscopes alse provide for
damping, i.¢. quenching of the satellite's self-oscillaticas.

Disturbances, whioh arise ia the separation of satellite
from the carrisr=rocket, are reduced by means of short-lived

soction of the preliminary calming system. However the presence
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of this system on satellites with aerogyroscopic stabiligation
is, ge: erally upediiing, nol nceLLary. ‘e Cact is, that the
“uoonic arrou” has a single stable position of equilibrium,
and the systex of preliminary calming only reduces the time

of the satellite's emergence into normal conditions of

stabilization.

The aerogyroscepic stabiligation aystem, used for the
first time on "Kosmos-149', has a number of advantages over
the widely kmown active systems of orientationm, in which the
application is of gas-jet engines or flywheels. Aerogyroscepio
system does not meed orientation data units and special astuators,
which would have assured controlling moments. Insignificant
amount of electric encrgy is consumed only for maintaining
constant angular rotation velocity of the gyroscope rotors. The
construction of serogyroscopic system of stabilization is a new

achievement of the Soviet cosmic technique.

As & result of "Kosmos-149" launching considerable
information has been obtained about the thermal regime of the
Earth's surface amd of the oléuds, quantitative charactersstice
of the cloud mantle, "tied" to television images, andalso of
the angular and spectral characteristics of our planst's
luminoaity, observable frc. space. Determination results of the
atmosphere's physical parameters, obtained by mesns of the

"gosmic arrow", are a mew coatribution ef Soviet scientists inte
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cen : cosmic meteorolegy.

A. Obukhov, Associate of the Academy of

Soiences USSR:

V.MNikhailov, Professor,
V. 8aryche™ raster Physico-Mathesatical Soiences,
L. Sokolov,Master Teohnioal Sciences.

"Pravda", 12 April 1967,

WKOSMOS~166" IN SOLAR PATROL:

The ultravioclet amd X-ray radiation of the Sun is of a
great importance to us, the inhabitants of the Earth. Uader
the effect of short-wave solar radiation forms the Earth's

ioncsphere, which deteraines the conditions of radie-coamumiocation.

These radiations affect the moleculer composition and density
of the upper atmeapheric layers, hence also the heat balamce

of the lower layers.

0f sot less importancs are also various active processes

in the solar atmosphere. The best known of these are the solar
flares. During some of the flares there is a sudden iateasifioatioa
fgﬁifi | of X-ray radiation. And its "rigidity" ia this case imcreases
: several thousand times. The fact is, that the these moments the
8un ejeots very fast particles: hydrogem nuclei -pretoas - aad

": | auclei of very heavy elements.
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The "corpuscular flares", as they are callud, have a
deadly effect on living organiems and compose radintion danger
for astronauts. The protection of crews by means of special
absorbing screens is hardly feasible due to their heavy weight.
Actually the btody € space ship such, as for instance "Vostok"
is in itself quite a strong protection; but does not resolve
this problem. In spite of its resistance, irradiation of
astronauts during the intensive solar flares may be upto several
hundred rads. Whereas the admiesidle dose of radiation should

not exceed 25 rads,

Upto now all flights of Soviet and American astronauts
were in conditions, favorable in respect of radiation. This
was due to the low-altitude orbits, which were under the
protection of the earth's magnetic field, and the low activity
of the sun. Finally, in the case of corpuscular flare danger
(according to the data of operative checking of the solar
activity) it was always possible to terminate the planned program

of investigations ahead of schedule.

At present the sun enters into a new phase of high activity.
It is shown in appearance of very frequent and powerful flares.
In this connection it becomes specially import.nt to deeloep
methods &nd measures for ensuring safety of astronauts from the
danger of radiation. For example, the construction is possible

of a system, which would have provided for a composite use of

——— ot g i - el
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aotive (magnetio, electrostatic) and passive ( vearioue scroens)
protection of cempartnents, arrangemént of "radiation shelter'",
application of local protection for the vital organs of astroasuts

end the use of pharmaco-chemical preventive means.

Irrespeotive of this, it is important to deternine the
regularity in the appearance of radiation flares ia order to
predict thém for a lomg ternm. The fact is; that the nature
of the esolar flares is upto nov not fixed. Their physical entity,
frequency, intensity and emergy spectrum of emitted protoms
is hardly known. Rediatiosl danger of flights is predicted
at present from the chservation data of ground observatories.

But these provide information only of processes in the lover
layers of solar atmosphere, There are grounds for assumptien,
that the X-ray and corpuscular flares are generatéd in the outer
regions of the Sun. Therefore the study of the physical
processes within the corona ard the adjacent layers of the solar
atmosphere is one of the basic problems of imvestigations en the
Sun's phyeics, necessary for ensuring radiational safety of a

nam's flight into outer spade.

One »f the links in the extensive program of these
investigations is the launching on the 16th of July 1967 of a
special "solar" satellite "Keamos=166", It was designed for

investigation of the short-wave radiation of the Sum.

"Koemos=166 " is a modificatioa of the serial cosmic

vehicle with orientatiom em tbhe Sun of one of the satellite’s

e e g 1 b
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axis. Motion coutrol of the satellite's body im flight
was by means of intertial masses - flywheels and gas-jet
engines. This combined system ie distinguished by being
economical and by high accuracy of orientation throughout the

whole active existeance of the satellits,

Three tixes during cach tura on commaasg from the timing
programer the oriemtation system changes into the oo called
scanning regime, in which the axis of the satellite intersects
the solar disc ia one direction at an angular velecity 0.0k

degree per minute,

To obtain information from the orbital sections, where
there is mo commumi-ation with the ground stations, for instance
in the southern hemiephere, memory of high capacity was used,

The satellite's systems were energized from solar batteries.

The sciemtific apparatus of "Kosmos=166" consists of
X-ray photometer, ultravioclet diffraction spetctrometer :nd
X-ray heliograph. Used as radiation receivers for the Xeray
photometer were the Geiger counters of photoms with oxygea-
quenching mixture with beryllium er alusinium windows. The
investigations were ia the sections of spectrum with special
interest for ilucidating the nature of solar flares. A check
counter was used to datermine the level of interference from

the particles of radiatiom belts.
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The X-ray heliograph conaists of two similar blocks of
ﬂ‘_%; data units, located outeide the satellite, and electronics

:;“: block inside tho body. Each block of data uaite contains

- Geiger counters of Xeray radiation with vision fields limited

< f by two slotted diaphragms, arranged crosswice, Yhon the

o satellite's axis intersects the solar disc, ite image is obtained

in two perpemdicular directions.

For tying the obtained recording to defimite sections
of the Sun, the use was made of optical data units, which fixed
A exactly the moments, when the edges of the solar disc wvere

passing through the vision field of the coumters.

The ncin detail of spectrometer is the comcave refraction
lattice. The radiations are recorded by means of opea

photoelectric multiplier.

5 The satellite "Kosmos=166" was implementing its ebjects
“f?i for bout three monthe. During thie time the Sum completed three
totél revolutions around its axie and its activity, according

to data of groumd stationms, varied withia a wide range. As a
result an enormous amount of material was sccumulated on

H statistice of X-ray flares and their connection with optical

" 1v flares. This material will make it possible to fallow im deteils
the development dymamics of many flares, tc deteraine the flux
and spectral compoeitiea of radiations, the dimemsicns and

localization of regioms, where the flares were originating.
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i 'f 8imultaneous rceording by spectrometer of ionized helium
1??: ' lines provides invaluadble informatiom regarding the state

of Soler atmosphere under the flare.

Analysis of obtained data onables to determine physical
conditions in the regiom of the flare and in adjacent active
ssotions of corona ( density of matter, effective temperature

or energy of particles).

The results obtained by now are only of tentative
nature: data processing still continues. However, even the
oxanined material permit to draw some sonclusioms. Thus the
rise time for the majority of flares is within the limits
from 0,5 to 30 minutes. The drop of intensity is mot always
monctonous. In one case there was a 'precursor' - a minor
burst, preceeding he main phase of the flare. The possible
existence of these " precursors" is indicated also by some
data of indirect - ionsopheric - tests. The simultaneous appraisal

of the radiation's spectral compositiom shows, that there is

existence offelatively " cold" and "hotter " flares. Frequeatly

uf,: there is a drop of {muperature during their development.

As a rule, the X-pay flares oi'igimate above the aotive
regions, observer by means of the grovad optics., Dimensions of
hér the flare‘'s region are usually not above three ungular sminutos.

e It 18 oxtremely iateresting, that in four cases the pressuce
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is defined in one flare of two centres, of approximately the
ocane brightness. Distance between them composed about 6 angular

ninutes.

The obtaimed results confirm the earlier observatioms,
inplemented, mainly, on the satellite "Elektron-2", Then the
presencé was also fixed of a special class of Xeray flares, not
associated with "optic" flares. These observations prove
localization of a part of X-ray flares within the corcna. The
coronal origin of the X-ray flares makés it possible to assure,
that they are closely bound With perturbations within the corona,

resulting in corpuscular flares dangerous for space flights,

The corpuscular flux propagates slower than the X-ray
radiation, due to the lower speod of particles and loager trajectory

of their flight. Thue, in principle it seems possible, by recording

X-ray flare, to warn the astronauts of the approaching radiation
daager - oorpusculer flux. This warning will eaable the ship's

crew to take the necessary protection measurss.

Of course, developuent of the system for short waraing of
the radiation danger does not exclude the need for devisiag

prediction methods of corpuscular flares. On the contrary, the

reguired investigations of the Sun should be considerably widened,
The speocinl need for these investigatioms is specified also by
the fact, that in the next few years, during which the man's

za'ii flights inte space will be progressively oa larger scale, the
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solar activity will be high and the cases of radiatiopn danger
quite frequent.
8. Mandel'shtam, V.,Mikhailov ~ Professors;
Yu. Zaitsev - Engineer.

"Pravda", 2 October 1967.

SATELLITES OF "KOSMOS" SERIES,LAUNCHED IN USSR
FROM 16 MARCH 1062 UFTO 1 @§E§ 1§‘§g

$
>
) g ] :l 5 = gh g Remarks
ans Launching date '§ :: S - qgg bl g |8 @ o
:: &0 Eg -00:30 5'3 - :§ é. t’)'
SP ||l n |38 &
d |J &|s88 2w |aE ¢
(1) (2) (3) | (&) 1(5) | (6) (7) (8)
"Kosmos=1" 1962, March 16 217 | 980 | 49 | 96,35 | 20,003
90,018

"Kosmos=-2% 1962, Apr. 6 213 {1560 | 49 | 102,5 | 20,005
90,0225
"Kosmas=3" 1962, Apr. 24 229 | 720 |48,98| 93,8
"Kosmos=4" 1962, Apr, 26 298 | 330 | 65 90,6 | 19,995 30 April
communique

of successful
landing of
satellite.
"Kosmos=5" 1962, May. 28 203 [1600 |49.04] 102,75 20,008
"Kosmos=6" 1962, Juré 30 274 | 360 | 49 90,6 | 90,0233

"Kosmes=7" 1962, July 28 210 | 369 | 65 90,1 | 19,994
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. (1) (2) e [ @® @ [@ 8)
— 'mﬁ‘.o“'a" 1962’ Aus ° 18 2"6 6“ 't9 rz‘t93 20'005

= | 90,02268

Y "Kosmos=9" | 1962, Sept. 27 | 301 353 | 65  [90,9 | 19,99%
s "Kosmom=10" | 1962, Oct. 17 | 210 |380 | 65  |90,2| 19,995

o "Kosmos-11" | 1962, Oct. 20 | 245 |921 | 49  |96,1 | 20,0048
T : 90,0216

"Kosmos=12" | 1962, Dec., 22 211 | koS | 65 90,49 19,995

j 19,995
"Kosmos=14" | 1963, Apr. 13 265 | 512 | 48,95 | 92,1 | 20,004
"Kosmos~-15" | 1963, Apr. 22 | 173 | 371 | 65 89,71 19,996
'?ﬁ?f "Kosmos-16" | 1963, April 28 207 | 401 | 65,01 | 90,4 | 19,996

“"Kosmos=13" | 1963, Mar. 21 205 | 337 | 64,97 | 89,7

i "Kosmos=17" | 1963, May 22 | 260 | 788 | 49,02 | 94,82 20,005
: t

"Kesmos-18" | 1963, May 24 209 | 301 | 65,01 | 89,44 19,996
"Kosmos=-19" | 1963, Aug. 6 270 | 519 | 49 92,2 | 90,022
"Kosmos=20" | 1963, Oct. 18 | 206 | 311 | 65 89,55 19,995
"Kosmos-21"| 1963, Nov. 11 195 | 229 | 64,83 | 88,5
"Kosmoe=22" | 1963, Nov. 16 | 205 | 394 | 64,93 |90,3| 19,995
"Kosmos=23" | 1963, Dec. 13 240 | 613 | W9 92,9| 20,005

"Koemos=2k" | 1963, Dec. 19 211 | ko8| 65 90,5] 19,995
"Kosmos=24" | 196k, Feb., 27 272 | 526 W9 92,27 90,022
. "Kosmos=25" | 1964, Mar. 18 | 271 | 403 | 49 91 -
i | "Kosmos=26" | 1964, Mar. 27 | 192 | 237| 6,80 88,7] 19,735

contdeces
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(1) (2) @ | [ @ o | @
"Kosmoe-27" 1964, Mar. 27 192 | 237 |64,80] 88,7 | 19,735
"Kosmos=28" | 1964, Apr. & 209 | 395 |65 90,38 19,996
3 "Kosmes=29" | 1964, Apr. 25 20k | 309 |65,07| 89,52 19,996
;ﬁr "Kosmos=30" | 1964, May 18 || 206,6 383,164,958 | 90,24 19,996
‘{fﬁ "Kosmos=31" | 19644 Juze 6 228 | 508 |49 | 91,6 | 20,00487
= 30,00730
- 90,02191
;}J "Kosmos-32" | 1964, June 10 | 209 | 333 |51,28 | 89,78|19,996
e "Kosmos=33" | 1964, Jume 23 | 209 | 203 le5 | 89,38] 19,995
o "Kosmos-34" | 1964, July 1 | 205 | 360 |[64,97|90 [19,995
- "Kosmos-35" | 1964, July 15 | 217 | 268 |51,30 | 89,2 | 19,996
"Kosmos-36" | 1964, July 30 | 259 [s03 [49 |on,9
;f "Kosmos=37" | 1964, Aug. 1% | 205 | 300 |65 89,45}19,995
"Kosmos~38" | 1964, Aug. 18 210 | 876 |56,17 1 95,22{20,034 |Placing imto
5 crbit of three
o "Kosmos=-39" | 1964, Aug. 18 210 | 876 [56,17 | 95,2 [90,156 [satellites by
— il one carrier-
o "Kosmos=4O" | 1964, Aug. 18 | 210 | 876 |[56,17 | 95,22/20,08% |rcoket.
i 90,378
=,‘av X 19'800
o 89,102
i "Kosaos=h1" | 2964, Aug. 22 | 394 39855 |64 715 lacing into
—. ordbit of three
o atellites by
"Kosmos«42" | 1964, Aug, 22 232 [1009 |49 97,2 ne carrier-
)ckote o
. "Kosmos=43" | 1964, Aug. 22 232. |1009 - |49 97.8
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(1) (2) )| ) ] (s5) ) (7) (8)
"Kosmos=4h" | 196k, Aug., 28| 618 | 860 | 65 99,5 90,023
"Koemos~-45" | 1964, Sep. 13| 206 | 327 | 64,90, 89,69
“Kosmos=46" | 1964, Sep. 24| 215 | 271 | 51,30 89,2 19,999
"Kosmce-l?" | 1964, Oct. 6 | 177 | 413 | 64477 90 19,994
"KO.IOB-M" 196"’ Oct. 1“ 205 295 65007 89'“ 19'996
"Kosmos-49" | 1964, Oct. 24| 260 | 490 | k9 91,83
"Kosmos=50" ; 1964, Oct. 28| 196 | 241 | 51,30| 88,7 19,996
"Kosmos=-51 "*| 1964, Deec. 10| 264 | 554 | 48,8 92,5
"Kosmos=52" | 1965, Jan. 91| 205 | 304 | 65 89,5 19,995
"Kesmos=53" | 1965, Jan, 30| 227 |1192 | 48,8 98,7 10,005
90,022
"Kosmos=54" | 1965, Feb. 21 | 279,7|1856 | 56,07 | 106,2 19.8024Plaoing iato
orbit of three
"Kosmes-55" | 1965, Feb, 21 | 279,711856 | 56,07 | 106,2 20,035 | satellites by
one carriere
"Kosmos-56" | 1935, Feb. 21 |279,7|1856 | 56,07 | 106,2 90,158 | rocket,
"Kosmos=57" | 1965, Feb. 22 175 | 512 64,771 91,1 19,997
"Kosmos=58" | 1965, Feb, 26 581 | 659 | 65 96,8 90,022
"Kosmcs=59" | 1965, Mar. 7 | 209 | 339 |65 89,7 | 19,996
"Kesmons~-60" | 1965, Mar. 12 201 | 287 | 64,7 8941
"Kosmoa=61" | 1965, Mar. 45 | 273 |1837 | S6 106 19,775 | Placing into
orbit of thre.
"Kosmos=52" | 1965, Mar. 15 | 273 [1837 | 56 106 20,084 | satellites by
one carriere
"Kosmes=-63" | 1965, Mar. 95 | 273 [1837 |56 106 90,377 | rocket.
"Kosmos=64" | 1965, Mar. 25 | 206 | 271 |65 89,2 | 19,996
“Kosmes=65" | 1965, Apre 17 | 210 | 342 |65 89,8 19,996
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1) (2) 3)] B)] (5) 6) (7 (8)

"Kosmos=66" | 1965, May 7 97| 291 | 65 89,3 19,996
"Kosmos=67" | 1965, May 25| 207| 350| 51,8 89,9 19,996
“Koemos~68" | 1965, June 15| 208| 334 | 65 89,77 | 19,996

" "Kosmos=69" | 1965, June 25| 211| 332| 65 89,7 | 19,995
"Koesmos=70" | 1965, July 2 229 | 1154 | 48,8 98,3 20,005
90,022
"Kosmos=71" | 1965, July 16 550 | 56,1 95,5
"Koewos=72" | 1965, July 16 550 | 5641 95,5 20,084 |Placing into
orbit of five
"Kosmos-73" | 1965, July 16 550 | 56,1 95,5 90,378 |satellites
acoomplished
"Kosmos-74" | 1965, July 16 550 | 56,1 9545 19,8 by one
carrier=-

“"Kosmos=75" | 1965, July 16 | 55:] 550 | 56,1 95,5 89,1 rocket.,
"Kosmes~76" | 1965, July 23 | 261 | 530 | 48,8 92,2 -

e "Koamos=77" 1965, Auge 3 | 200| 291 | 51,84 | 89,3 19,991
s | "Koemos-78" | 1965, Aug. 14 | 206 | 329 | 69 89,8 | 19,996

= "Kosmos=79" | 1965, Aug. 25 | 211 | 359 | 64,9 | 90 19,996 |
P "Kosmos-80" , 1965, Sep. 3 1500 | .56, |116,6 Pleciag into
S orbit of five
g "Kosmos=81" | 1965, Sep. 3 1500 | 56 116,6 satellites
< e acoomplished
T : "Kosmos=82" | 1965, Sep. 3 1500 | 56 116,6 by one
2 carrier-
"Kosmos=83" |1965, Sep. 3 1500 | 56 116,6 rooket,
e » "Kosmos=84" | 1965, Sep. 3 1500 | 56 116,6
;%ﬁ ’ "Kosmos=85" |1965, Sep. 9 | 212 319 | 65 89,6 | 19,995
- N n R g5 o Y 0 Py e 0 @ ) _ Y
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(1) (2) (3) | (&) (5) (6) (?) (8)
"Kosmos=86" | 1965, Sep. 18| 1380 | 1690 | S6 116,7 Placing into
"Kosmos~87" | 1965, Sep. 18 | 1380 |1690 | 56 116,7 :::::1:: o:’. ve
Kosmos- 88" | 1965, Sep, 18 | 1380 |1690 | 56 116,7 :3‘2:2“"“
"Kosmos=89" | 1965, Sep. 18 | 1380 |1690 | 56 116,7 ::::::f.
"Kosmos-90" | 1965, Sep. 18 | 1380 [1690 | 56 116,7
"Kosmos=91" | 1965, Sep. 23 | 212 | 342 | 65 89,8 | 19,995
"Kosmos-92" | 1965, Oct. 16 | 212 | 353 | 65 89,9 {19,996
iKosmos=95" | 1965, Oct. 19 | 220 | 522 | 48,40 | 91,7 |2C,005

30,0075
90,0225
"Kogmos-94" | 1965, Oct. 28 | 211 | 293 | 65 89,3 119,996
"Koemos=95" | 1965, Nov. & 207 | 521 | 48,40 | 91,7 20,005
30,0075
90,0225
"Koemos=96" | 1965, Nov. 23 | 227 | 310 | 51,9 |89.,6 |19,895
19,735
"Kosmos=97" | 1965, Nov. 26 | 220 [2100 | 49 108,3
"Kosmos=98" | 1965, Nov. 27 | 216 | 570 | 65 92 19,996
"Kosmos=99" | 1965, Dece 10 | 199 | 320 | 65 89,6 19,995
"Koamog-100" | 1965, Dec. 17 650 | 65 97,7
"Kosmos=101" | 1965, Des. 21 | 260 | 550 | 49 924M
"Kosmos-102" | 1965, Dec. 28 218 | 278 | 65 89,24 19,735
"Kosmos=103" | 1965, Dec. 28 600 | 56 97
6
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(1) (2) (3) | (&) | (5) 73) (7 (8)

"Kosmos~104" | 1965, Jan. 7 20k | KO 65 9042 19,995

uKosmos=105" | 1966, Jan. 22 | 204 | 324 | 65 89,7 19,995

"Kosmos=106" | 1966, Jan. 25 | 290 | S64 | uB,4 |92,8

“Kospoe=107" | 1966, Fedb. 10 20k | 322 | 65 89,7 19,995

"Kosmos=-108" | 1966, Feb. 11 227 865 48,9 95,3

"Kosmos=-109" | 1966, Feb. 19 | 209 | 309 65 89,5 19,995

"Kosmos-110" | 1966, Feb. 20 | 187 | 904 | 51,9 |95:3 19,894 | 8atellite
for biologi-
cal investi-
gations. On
board are two
dogs -
Veterok and
Ugolek.

"Kosmos=-111" | 1966, Mar. 1 191 | 226 | 51,85 {38,6 19,365

"Kosmos=112" | 1966, Mar. 17 214 565 ?2 92,1 19,994

"Kosmos~-113" | 1966, Mar. 21 327 327 | 65 89,6 19,996

"Kosmos=-114" | 1966, Apr. 6 210 | 37?4 | 73 90,1 19,994

"Kosmos=115" | 1956, Apr. 20 | 190 | 294 | 65 89,3 19,995

"Kosmos=116" | 1966, apr. 26 | 29% | 478 | 48,42 |92

"Kosmos~117" | 1966, May 6 207 | 308 | 65 89,5 19,995

Kosmos=118" | 1966, May 11 460 | 65 97,1

"Kosmas-119" | 1966, May 24 | 219 |1305 | 48,5 |99,8

"“.”.-120“ 1966. June 8 200 300 51 .8 89.“ 19.995

"Kosmos=121" | 1966, June 17 | 210 | 354 | 72,9 89,9 19,995

"Kosmos=122" | 1966, June 25 625 | 65 97,1

BTN
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(1) (2) »lwm e 6 [ |®
"Kosmoe=123" | 1966, July 8 265 | 529 | 48,8 |92,2
"Kosmos=-124" | 1966, July 14 | 208 | 303 | 51,8 | 89,4 19,995
"Kosmog=125" | 1966, July 20 250 | 65 89,5 19,735
"Kosmos=-126" | 1966, July 28 | 212 | 359 | 51,8 |90 19,995
"Kosmos-127" | 1966, Aug. 8 20k | 279 | 51,9 | 89,2 19,994
"Kosmos=-128" | 1966, Aug. 27 | 212 | 364 | 65 90 19,995
"Kosmos=-129" | 1966, Oct. 14 | 202 | 307 | 65 89,4 19,995
"Kosmos=130" | 1966, Oct. 20 | 211 | 340 | 65 89,8 19,995
"Kosmos=131" | 1966, Nov. 12 | 205 | 360 | 72,9 |89,9 19,990
"Kosmos=-132" | 1966, Nov. 19 | 207 | 280 | 65 89,3 19,995
. "Kosmoa-1332 | 1966, Nov. 28 | 181 | 232 | 51,9 |88,4 19,995
ﬁ;fi, “Koamos~134" | 1966, Dec. 3 214 | 319 | 65 89,6 19,995
s NKosmos=135" | 1966, Dec. 12 | 259 | 662 | 48,5 |93,5
'Q;k; Eosmos=136" | 1966, Dec. 19 | 198 | 305 | 64,6 [89,4 | 19,995
=;i ?ﬁ "Kosmos=137" | 1966, Dec. 21 | 230 [1720 | 48,8 | 104,3
i "Kosmos=138" | 1967, Jan. 19 | 193 | 293 | 65 89,2 | 19,995
li?;: "Koskos=139" | 19674 Jan. 25 | 144 | 210 | 50
"Kosmos-14O" | 1967, Feb. 7 | 170 | 241 | 51,7 |88,48 | 20,008
MKosmon=141" | 1968, Feb. 210 | 345 | 72,9 |89,9 | 194995
u ;t, "Kosmos=142" | 1967, Feb. 14 | 214 1362 | 48,4 |100,3
= WEosmoa-143" | 1967, Fev. 27 | 204 | 302 |65  [89,5 | 194995
R "Koemos-144" | 1967, Feb. 28 625 | 81,2 |96,92
o =
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(1) (2) (3)| &) |(S) (6) (?7) (8)
Asff "Kosmos-145" | 1967, Mar. 3 | 220 |2135 |48,4 |108,6
R "Ksmos=146" | 1967, Mar. 10 | 190 | 310 [51,5 |89,2
n "Kosmos-147" | 1967, Mar. 13 | 198 | 317 |65 89,5 19,995
. c~ "Kosmos=148" | 1967, Mar. 16 | 275 | 436 |71 91,3
i "Kosmos=149" | 1967, Mar. 21 | 248 | 297 [u8,4 |89,8
R "Kosmos=150" | 1967, Mar. 22 | 206 | 373 |65,7 |90,1 [19,995
“Jf;f nKosmos~151" | 1967, Mar. 24 630 |56 |97,
R WEosmoe-152" | 1967, Mar. 25 | 283 | 512 |71 |92,2
*j?ff "Kosmos=153" | 1967, Apre 4 | 202 | 291 |6446 |89,3  |19,995
e "Kosmos-154" | 1967, Apr. 8 | 186 | 272 |51,6 |88,5
;Afx°ff "Kosmos=155" | 1967, Apr. 12 | 203 | 286 [51,8 [89,2  [19,995
| "Kosmos=-156" | 1967, Apr. 27 620 |81,2 |97
- ’*’ "Kosmos=157" | 1967, Bay 12 | 202 | 296 |51,3 |89,k 19,994
"Té‘?  "Kosmos=158" | 1967, May 15 | 850 | 850 | 74,04 | 100,68
R "Koswos-159" | 1967, May 17 | 380 |60 |51,83 |19 33
"Kosmos-160" | 1967, May 17 | 12 | 205 | 49,6
i Wromoa=161" | 1967, May 22 | 205 | 343 |65,7 89,8  [19,995
3 “;3»‘ "Kosmos=-162" | 1967, June 1 201 | 280 |51,8 [89,2 19,39%
e "Koanos-‘;GB" 1967, June 261 | 616 |48,k 93,1
0 ‘ "Kosmos=164" | 1967, June 202 | 320 | 65,7 |89,5
N "Kosmon-165" | 1967, June 412 |21 [1542 | 84,9 |102,1
’; | "Kosmos=166" | 1967, June 16 |283 | 578 | 48,4 |92,9
'57?;? "Kosmr3-167" | 1967, June 17 |[201 | 286 |51,8 |89,2
iiﬂéﬁii .
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(1) (2) (3)1 () | (5) (6) (7) (8)
"Kosmos=168" | 1967, July & 199 | 268 | 51,8 | 89,1 19,995
e "Kosmos=-169" | 1967, July 17 | 144 | 208 | 50
"Kosmos=-120" | 1967, July 31 | 15| 208 | S0
"Zosmos=-171" | 1967, Auge 8 | 145 | 220 | S0
"Koames-172" | 1967, Aug. 9 | 202 | 301 | 51,8 | 89,4 | 19,995
"Kosmos=173" | 1967, Avg. 24 | 280 | 528 | 71 92,3
"Kosmoz=-174" |1967, Aug. 31 | 500 }39570| 64,5 | 715
“Koanos=175" |1967, Sep. 11 | 210 | 386 | 72,9 |:9242 19,995
"Koswos=-176" |1967, Sep. 12 | 206 [1581 | 31,9 | 102,5
o "Eoamos=177" |1967, Sep. 16 |202 | 292 |51.8 [89,3 |19,990
"Kosmos-178" |1967, Sep. 19 |145 | 205 | S0
e "Kosmoa=179" [1967, Sep. 22 |145 |[208 |S0
;?3 "Kosmos-18D" h967, Sep. 26 |21z |370 |72,9 |90,1 [|19,995
‘é%”
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11, SATELLITES IN NATIONAL iGONOMYS

A, COMHUNICATION SATELLITAS

TASS COIMUNIQUE
on
THE LAUNCHING OF "MOLNIYA-1",

Ia accordance with the program for working out a system of
long-distance radio~-communication and televicion by means of
artificial earth satellites active retranslators, the launching
was implemented in the Soviet Union on the 25rd April 1965 into
high altitude elliptical orbit of communication satellite

"Molniya-1".

According to the data of computing center, the satellite
is placed into orbit with altitude at apogee 39,380 km in the
northern hemispyhere and at perigee L9? km in the southern
hemisphere.s The revolution period is 11 hours 43 minutes.

Orbital inclination 65°.

The retranslation apperatus for transmiss.on of television
programs and long distance radio~conmunication, as well as
jnstruments of com:and and testing complex, orientation and

orbital correction cystems are boarded on the satellite.

The board apparatus is powered from solar batteries and

chemical current sources.

The main object in the launching of communication satellite

"Molniya-1" is the transmission of television pro;rams and

[
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long dintance twoesided multichanncl telepnone, phote-teleppaphie

and tolerrnpliic commuaientions.

The whele apparatus en board the catellite, ng well aa the

ground radio cemplex funetion normnlly,

;”,; The first transmiocsionc of television nrojram batween Moocow

and Vladivostok were highly suscesusfule

/ "Pravda", 24th april, 1965.

e IN COSHOS - SOVIZT COiiiUNICATIONS
! GATELLITR:

Communications satellite "Molniya=i" was lannched in the
Soviet Union on 23rd April 1965. A multistapge rocket hag

imparted to the satelliite the required velocity and placed it

bu;ii into calculated elliptical orbit with apogee in the northern

e hemisphere.

The main object in the launching of "Volniya-1" is the

transmission of television programs and lons distance two-sided

multichannel radic telephone, photo telegraphic and telegraphic

re communications.

Wha: is the basic working principle of long distaance

g“jf radio communication system with the use of satellite "Molniya-1"?

The useful information, sut ect for trensmiscion at long
L'gwgﬂ digiance irom one »noint to other in the form of telephone

conversations, photoetelepgranhic and telepraphic conmunicntions
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or television programs, is incoming to ground stations of
space communications along the operative cable or radio-
relay lines, The ground stations transmit this information
by means of powerful radio-transmitters and highly effective
antennas to communication satellite, The latter receives
the signals, amplifies them and retranslates to ground
stations. Those stations in turn transmit the received
information from the satellite along the cable or radio-
relay trunk lines to toll teiephone stations, telegraphs

or telecenters. For long distance radio communications the
antennas should Ve sighted exactly on the translator -

satellite. This ic done by special devices.

Figure 1: Diagram of long distance radio communication with
the use of satellite "Molniya-1",
1~ Ground point of cosmic radio communicationg
2= Elliptical orbity 3~ Communication satelliteg

iz Radio viAibilitv zonet 5= Intermediate-—orbits-
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A few words about the orbit of commnication satellite
"Molniya-1". The orbit, just as the other parameters of the
system has itr own special features. The communication -
satellite, as has been mentioned, was placed into elliptical
orbit with apogee 39, 380 km, perigee 497 km and orbital
jnclination 65° (see figure 1). Revolution period of satellite
is 11 hours 48 minutes and it passes above the Soviet Union
territory during a few hours. This permits to assure long=-term

communication between Moscow and Vladivostoke

The board equipment of the satellite includes retranslator
for transmission of television programs and long distance radio
communication, as well as command and test complex, antenna
feeders, satellite orientation and orbital correction systens.
The directional diagram width of the satellite's parabolic
antennas provides for radio comminication throughout the whole
territory of the Soviet Uniom. Radio units on board the
satellite are poweréd by silicon soiar cells and buffer
patteries of chemical current ‘sourcese Every system of the

satellite is automatically conirolled.

Retranslator of the satellite "Molniya=-1" operates on
principle of the linear amplification of redin signals from
the ground stationce Application of this type of retranslators
makes it possible without delay simultanecusly to receive
signals fronm fhe earth and, having amplified the required level,

to transmit them to earth without distortione
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The satellite's retranslator en command from the

Earth enables to carry out the following typrs of radio=

communication?

- raception and transmission through satellite of one
television program;

-~ simultaneous radio-communication (reception: and
transmission) between ground stations of high number of two-
sided telephone channels with possibility of additional

densification by telegraph systems.

The equipment of the ground points in thke system of long-
distance radio-communication with the use of satellite “"Molniya-1"
consists of a composite set of large parabolic antennas with
turni- g end programming devices and follow-up systems; command and
testing apparatus and a set of communicating reception-transmitting

radio-station. ? ]

For simultaneous transmission of image of signals and

sound acoompaniment a special apparatus was developed for combin-

ing these channels.

The distinctive feature of the television system is that
continuous control is possible of the qualitative indices of
television channel directly during the television transmission.

This is attained by the introduction into transmitted image signals

of special measuring impulsees. Application of this type of control
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system enables to ottain contingously authentic information

regarding the performace quality of the television channel.

In telephone conditions the system by mears of a special
apparatus provides for reception and transmission of a large

number of two-sided telephone conversations.

The successful flight of the satellite "Molniya=-1",

normal function of the whole board apparatus and equipment of 3

ground stations show, that thase systems are highly promising and
could be economically advantageous, specially for transmission of
television to long distances and for communication with remote

regions of the country.

‘. dpto now to meet the needs of national economy and
population of our country the erections were of cable and
radio-relay lines. A part of their function could be laid
on the communication systems with the use of artificial earth
satellites. However, this new method of radio-communication
and the operative ground network should not be in opposition
to each other. This new type of communication will be developed
with an estimate of further improvement of the existing ground
means. This will enable within a short period tn bring broad-

casting and television programs to all inhabited points of the

I

vast territory of the Soviet Union. The majority of tele-
center in future will be able to retranslate Moscow television

program.
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‘The successful launching of satellite "Molniya-1"
whiéh enables transmission of t: .evision, multichannel telephonic,
phototelegraphy and telegraphic communication between Moscow and
Vladivostok, bears witness to a new success of Soviet science

and technique.

In our country everything is meant for the uplift of science »{
and technique, mastering of outer space and usirg it for good

of mankind.

N.Psurtsev,Minister of Communication,

"Pravda'"; April 25, 1965. USSR.

SATELLITES OF ™MOLNIYA-1"SERIES LAUNCHED IN USSR

from 23 April 1965 upto 3 October 1967.

i

: Date of |Altitude at| Altitude at [Orbital inclin- i Revolution °

Name launching|perigee, km| apogee,km lation, degrees. period,min,é
"Molniya-1" [1965,Apr.23| 497 39 380 €5 708
"Molniya-1"[1965,0ct. 14| 500 4o 000 65 719 E
"Molniye-1" |1966,Apr.25 499 39 500 64.5 710 E
"Molniya-1" [1966,Pet.20| 485 39 7200 64.9 213
“"Molniya=-1"11967,May 25| 460 39 810 64.8 715 E
"Molniya-1" |1967,0ct. 3| 465 39 600 65 712

possible

COMMUNICATION SATELLITE "MOLNIYA-1".

Succossful development of cosmic technique has made it

to put into communication service artificial Earth satellites.




To establish communication between ground points through

satellites requires, that it should be simultaneously "visible"
(we assume radio-visibility) from these points. During the
periocs of simultaneous "visibility" of satellite from ground
points the communication becomes established, information ié

transmitted along the line Earthe-satellite-Earth,

In accordance with the program of using satellites for
building up a system of ultvelong communication, "Molniya-1"
satellite was placed into orbit in the Soviet Union on 23rd
April, 1965. Yhe orbit has altitude at apogee 39,380 km, altitude
at perigee 497 km, orbital inclination 65 degrees, revolution
period 11 hrs. 48 min. The apogee of the nrbit is above the

northern hemisphere, and perigee - above the southern.

Placing of the satellite into this orbit was carried out
successively in two stages. Initially the satellite was placed
into intermediate low orbit with the last stagg of the carrier-
_rocket. Then the last stage .f tle carrier-rocket was launched
above the southern hemisphere. The satellite was imparted an
additional velocity and was placed into high altitude elliptical

orbit with apogee above the northem hemisphere.

Completing every 24 hrs two turns around the earth,
it passes at one turn over the territory of the Soviet Union, and
at the other - over the territory of the Northern America.
When flying above the territory of the Soviet Union, the satellite

is within the zone of simultuneous "visibility" from Moscow and
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from Vliadivostok. The duration of the satellite's flight
within this zone, which determines the duration of communication,
depends on position of the satellite relatively to these ground
points. With certain orbital parameters the communication

contact between Moscow and Viadivestok will be maximum.

With deviations of the satellite's orbital period from the
calculated one the optimum reciprocal pesition of the satellite and
the ground points will be disturbed, and this will result in the
gradual decrease of communications period. Even with high
precision of insertion into calculated orbit the orbital pariod of
the satellite varies due to effect on its flight of the sun, the
moon and the earth. In this connection it is essential to correct
periodically the orbital period of the "Molniya=-1" satellite.

For this it is quite sufficient to vary the motion speed of the

satellite at perige -

With high deviations of the orbital period from the
calculated the correction is inplemented by meane of jet engine
on the satellite. Such correction of the orbital period was
carried out on the 2nd of May 1965. After this correction the
orbital period became 12 hrs, altitude at perigee - 548 km, at
apogee - 39,957 km. With this object the launching was c;hducted
et perigee of correcting engine. Prior to this the satellite
is fixed into position, at which the longitudinal axis

of the engine is directed in line with the speed.

The satellite has a hermetically~-sealed body of eylindrical

shaps with conical end plates. Set up on the outside are aix

L e
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panels of solar battery anl two parabolic antennas. During orbital
insertion the battery panele and the antenna are folded and opan
out automatically after the sepcration of satellite trom the

carrier=rocket.

Disposed at the bottom of the body are the correcting
meneuvre engine and a system of microengines. At the other end

are the orientation sensors to earth and sun.

Fig: 2 = Communications satellite "Molniya-1"e

41 - hermetic body; 2 = sol~: battery; 3 = pencil-beam antenna;

4 - orientation sensor{earth); 5 - antinna control device;

6 - radiator-cooler; 7 = reserve o? working body for micro=-correction;
8 - correcting maneuvre enginej 9 = orientation ssnsor for

correction; 10 = orientation sensor (sun); 11 = heater-ganel.
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Attached to the bedy are the radiation surfaces of
thermoregulating eystem - radiator-cobler ef cylindrical shape and
heater-panel in the shape of a 1.at ring. The censtruction
of heater is utilized for dirposing a portion of tho solar battery

cells.

Inside the body are the radioc-electronic instrumente and
other equipment ef the satellite. To ensure normal functiening
of instruments, the required pressure and temperature are

automatically meintained inside the body.

For eﬁergizihg devices, set up in the satellite, there is
a power system, consisting of solar batteries, chemical sources

of current and automatic control of power supply.

During the whole flight the satellite is ori;nted by
solar battery on the sun. Thereby the whole surface of the
battery is illumined by the sun, which makes it possible to ebtain
energy from the whole area of the solar battery. Simultaneously
with orientation of the satellite on the sun, one of the parabelio
antennas during the communication period is directed to the
earth, and tracke the earth by means of high-precision antenna
control. The second antenna is in reserve. During tracking the
antenna control is implemented by signals of the orientation

sensor, fixed on this antenmna.

For operating the reserve antenna the satell‘te should

be turned at 180° about its longitudinal uris.

.
3
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After the orientation of the anienna to the Earth the

retranslation equipment is switched -i. The transmitter emits

signals by means of parabolic antenna. J‘his antenna directo
the radio-signals in a narrow beam directly to the earth. This
directional radiation builds up a high level of signal on

the earth's surface, which makes it possible to use at

ground points antennas of comparatively small size.

By means of retranslation equipment it is possible to
transmit through satellite television program or conduct a lot of
telephone conversations, transmit still images, telegraph

communications.and other type of information.

For control the state and performamee of all the
satellite systems, it has set up a special telemetric equipment. :
By means of command control omn baord and at the ground center

the flight trajectory and parameters of satellite are determined

with high accuracy. The same equipment issues and receives
commands, transmitted from the ocarth fto satellite for performance

control of individual systems.

P T

The equipment and systems of the satellite are controlled 1

REA

by the electronic programing computer on board according to prograns,

set by commands from the earth. 4

In its orbital fligit the satellite "Molnivi-1" flies for ' i

a considerable time in the radiations belt*s of the ®arth. With
prolonged effect of radition on the equipment of salellite

jts incividual details and systems may change their technical
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specifications or even ceads operating. To study the affect nf
radiation belts on the systems of "Molniya=1", as well as

for constant gauging of the radiation dosee, received by the
satellite in flight 4t has a special doasimetry probe set up on

board.

From the 23rd of April of this year daily test are being
conducted through communication satellite "Miolniya~1" of the
two-sided lines of space radio-communication between Moscow and
Vladivestok. During the communication perioeds, the duration
of each of which exceeds 9 hours, experiments are being conducted
on transmiseion ¢f television, telephone conversations, %elographic

and photo-telegraphic communizations.

During the last few days experimental transmissions were
conducted of color televisione. These tests were quite
successful and produced very encouraging results. The teats
have shown, that, using achievements of th2 Soviet and French
scientists in the sphere of color television on base of
SECUM systom and its stendard, it is possible to build up a
most perfect aystem of color television, development and
{ntroduction of which is envisaged by an agreeaent betveen the

USSR and French Geveraments.

It may be aaaunqd, that in future operating systems of calor
television besides the ground radio means an extenaive use

will be made of the cosmic 1lines of communication and that the

e A TorSn, e .
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"Molniya-1" satellites could be the basis for building-up these

lines.

Further tests and working of the line of sup~rdistant
radio- and television communicationsby means of "Molniya-1"

satellite are continuing.

Launching of the "Molniya-1" satellite and the build=-up
by its means of experimentsl line of superdistant radio- and
television communicationsopen new possibilities in the use of

space technique for direct needs of the population and national

economy of our country.

"Pravda", May 30, 1965.

TASS COMMUNIQUE,

COMMUNICATION SATELLITE "MOLNIYA-1"
TRANSMITTS IMAGE OF THE EARTH.

The satellite "™olniya=1", launched on the 25 of April 1966,
continues its flight in highly elliptical orbit, successfully
assuring implementation of the planned program on further working

and test operation of the system for distant two-sided television

and telepnone- telegraphic radio-communication.

In accordance with the program of scientific investigations
experimental equipment is set up on the satellite, besides the
communicating retranslation equjoment, for observations of

earth from space at great distance.
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On the 18th of My 1966, an experimeatal ohservation of the

earth was conducted by means of this equipment and a television

image wag obtained for the girst time of the earth. The photos
were taken from an alsitude cf 30-40 thous. k. The images wero®

received by the stations of command control center, located in

various areat of the USSR,

The television camera was directed on the earth by means
of independent sighting system on poard. During the photographing
the objectives and 1ight filters were changed and this made
jt possible to obtain the image of the earth in various scaldid

and to obsecrve the elements of terrestrial surfacea of vapi ot b

illuminance.
wppavda" 19th May 1966.

B. METEOROLOGICAL SATELLITES:

SATELLITES AND WEATHER SERVICE:

The staff of the main Department of Hydronetenrological
Service with the Council of Ministers of USSR jointly with
representatives of research and industrial crganizations
have enalyzed the 1aunching results of some artificial earth
satellites, carried out in accordance with the progran of
scientific investigations of cpsmie space, anrounced by TASS ¢n
16th March 1962, which carried equipment for meteorological
s placed into orbit

measurements, including satellite "Kosmos=122"

on 25th June 1966.
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Set up on the "Kosmo-122" are devices for televising the
usual covey, cameras for the photographing of clouds in infrared
rays on day and night sides of the earth ard instruments for

measuring radiation in the earth=atmosphere system.

Taking into account the results of working out the
satellite syastems on board and normel performance of the indicated
meteorological instruments, it was recommended to begin the
experimental use of these measurements in the operative weather
service. The world's meteorclogical center in Moscow was
directed to include the most interesting data, obtained in
the above measurements, into information, meant for communication
to weather service organizations in USSR and other countries.

"Pravda, 18th August 1966.
METEOSTATION IN ORBIT:

The earth's atmosphers is a unique and composite natural
medium. In order to know the state of the eir envelope of our
planet at each given moment and forecast its changes, the whole

atmosphere should be watched by tens of thousands of eyes.

It ie precisely for this that the enormoue network of
meteorological stations has been built up at every continent.
But in spite of the efforts, which are applied fer the observations
of atmosphere in every country, this network still has

big gaps. Vast ecean spaces still remain "uncovered". And even




on land there are deserts, territories covered with virgin

forest ice or high mountains, where it is difficult to

maintain meteostations.

The need for information regarding the state of atmosphere
is continuously increasing. ¥he airérafts surmount now gigantic
routes without landing, such as Moscow-Havana, Moscow-Khabarovsk.
In order to provide = with weather forecasts these flightgsg as
well as to compile longterm weather forecast, it is necessary
to know the state of atmosphere practically above the whole
surface of the globe. These data céuld be quickly given only
by the meteorological observations from satellite. Therefore
the experiment, being conducted at present on the satellite

"Kosmos-122" is very‘important.

"Kosmos-122" transmits to earth televgsed images of the
clouds, covering greater part of the earth. The unique shape of
the elouds, their position provide an experienced eye with a
lot of information on the state of atmosphere. Out of the mosaic
of separate photographs, made by the telecamera of the satellite
during the flight arouﬂd the globe and transmitted to reception
points, charts are composed of the cloud cover. they permit
the meteorologists to determine the nature of atmospheric motion,
position of the fronts, dividing air masses of different properties,
direction and velocity of air currents in *he upper atmospheric

layers.,
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However, the television cameras can observe clouds only
on the illumined-day side of the earth. In order to determine
disposition of the cloud-cover on the night - shadow side of the
planet, the photographing should be in the infrared rays. True,
the considerable part of them is absorbed by water vapor,
always present in the atmosphere. But there are some sections
of the infrared spectrum, in which the radiation is practically
unabsorbed by the water vapor. On the satellite "Kosmos=-122"
is used one of these with wave length from 8 to 12 micrones.
Through this unique "window" of the infrared radiation range it
ies possible to take photographs not only at night, but at day. .
also. This permits to compare images of one and the same

cloudiness, obained in visible and in infrared rays.

The third important -part of the meteorological investigations

on the "Kosmos-122" is the intensity measuring of radiatian,
outgoing from the earth. Solar rays, falling on the earth's

surface, are the main source of energy and the cause of

atmospheric motion. To analyse the atmospheric processes it

is interesting and important to determine in which aéeas

of the ®marth and how much energy was obtained by the .arth's

sur-eée {and could be used for the heating of atmosphere),

how much reflected into the outer space and how much heat energy

is radiated by the heated earth surface and atmosphere into universe,
These data on the main elements of radiation balance in the earth-

atmosphere system are obtained by means of actinometric instruments,

set up on the satellite "Kosmos=-122".
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The instruments measure intensity of radiations coming

from below in three bands. Measurements in 0.3 =~ 3 microne

band (visible light and near infrared region) permit to

determine intensity of reflected radiation. The majority - about
70-80 % - are reflected by the clouds, sbout 30% by land

and even less by sea surface. Radiation investigation in 8-12
micrones belt makes it possible to estimate the temperature of the
visible from satellite surface of earth or of clouds. By the way,
the temperature of the upper surface of the clouds characterizes also
jts altitude above the earth. Finally, radiation measurements in

the 3-30 microne band make it possible to determine the total

flux of the heat radiation from earth and atmosphere outgoing into

universe.

If analysis of the cloudiness photographs, made in visible
light or by means of infrared irradiation, can be implemented
by a man by means of visual examination of photographs, the
processing and analysis of radiation data are impossible without
computers. Transmitted from satellite to reception points ie
an enormous amount of figures. Only the computer is capable
of their quick processing. It shouid be taken into account,
that during one orbital period of the satellit it has to be possible
not only to receive, but also to decide and to present in a

graphical form all data, transmitted ffom the outer ~pace.

The Soviet scientists have developed methods for

B S

processing rediation measurements on computers. 3ignals, sent

out by the satellite on radiation conditions, enter into computer




The latter compares radiation measurements with data om the
satellite's trajectory, brings in the required corrections and
issues information in the form of intensity distribution map

of radiation throughout the globe,

In order to assure correct function of all meteorological
instruments, the construction of the satellite has to conform
to very rigid requirements. It should be constantly oriented
to the earth surface. The objectives of its cameras should always
face the sarth. Swaying or rotation of the satellite about one
of the axes is inadmissible. Maintenance of constant orientation
and stabilization of the satellite in a certain position
require special anralog devices. All these devices, as well as
memory, communication, etc., need considerable power. At "Kosmos-122"

it is provided by the large solar batteries.

The construction of a complex of "cosmic'" meteorological
apparatus and all th required for its operation devicee demanded
great effort of constructors, engineers, scientists. The
specifications of this apparatus conform in general to norms, worked

out by the experts of the Universal Meteorological Organization.

At present the apparatus is being tested at some of the
"Kosmos" series satellites. So far, from working conditions of the
"Kosmos-122" satellite as a whole, the meteorological test
data are gathered mainly on =& part of its trajectory. However,
tﬁe resultes could be used even now for operative service,

training of weather beauro an@ for scientific investigations.
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Therefore, the resulis of observations are transmitted into
subsections of Hydrometeorological Service of USSR, as well as
to Meteorological Services and Research Department of other

countries.

The meteorological observations from satellites are
being conducted also in the USA. The Americap satellites "Essa'
transmit considerable amount of information regarding cloud
cover of the planet. But these satellites de¢ not have constant
orientation on the Earth and do not provide informatioinr abeut the
radisation and cloudiness on the night side of the Earth.
Individual test photographs in infrared rays and radiation
measurements were carried out in the USA, . but sc far these

are not being used in the operative service,

Observations from satellites open out new, immense
possibilities for the meteorological service and for the
investigations of atmosphere. But at the seme time the

application of satellites presents unique and difficult problems,

Now, as well known, the Hydrometeorological Service of

the USSR, just as of many other countries, is changing over to
objective, numerical methods of forecasting the main elements
of weather. Calculations from these methods are done on
computers. Now these calculations have to include new
characteristicé, which hitherto were not estimated. Besides,
the use of the surface layer temperature the estimates have to

include temperature of the Earth surface, besides the vertical
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section of atmospheric temperature it is expedient to use data

on radiation balance, etc,.

How can onea imagine further development of observations
from Earth satellites? Apparently, there will be systems of
sutellites, making it possible to compile maps of the atmospheric
state once or twice iu 2% hrs so that the composition of each
map will consume se;eral hours. This will require 2-3 constantly

operating meteorological satellites.

Great interest is presented by observations from
satellite, located at great altitude above the Earth surface, in
a way, that its cameras would gee" at once a big area of the
Earth. The first test on photographing the Earth from a
distance of 20-40 thous. km were made on one of the Soviet

communications satellites '"Molniya".

In future it will be possible to obtain from satellites
other data also, for instance about sediments, swell in the
ocean. This will enable to improve considerably the marine
forecasting and recommendation for selection of routes for

long-distance veseels, etc.

Development of observatione from satellites requires at
the same time perfecting method of the obtained data analysis on
computers. Hence the computers will have to find in the huge
mass of receivable material informaticn on the most important,

and primarily on the moet dangerous weather phenomena, and quickly

Laaend
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issue data on hurricanes in the ocean, on storms, thunder storms.
Only the total automation of all the stages of informationm
processing, upto sketching of the cloudiness maps, temperature
field of Earth surface, radiation field throughout the globe,

will permit the appropriate use of the abundant material.

Will the ground meteorological stations be needed? of
course, although their working program may be considerably changed.
It should be kept in view, that besides providing weather
forecasts in considerable territorius and at great distances
the local needs must also be coniidered: primarily of the agricultural :
production, local airlines, etc. For this information is required

of ground statioLs.

Meteorological observations from satellites open out
extensive prospects for the weather servite and for atmospheric
investigations. The staff of the Soviet Hydrometeorological
Serive are deeply grateful to our designers, engineers, scientists
and workers, who have successfully resolved the main problems of
constructing a composite complex of various devices for meteorological

observations from satellites.

F.Fedorov,Academician,Chief of the
Hydrometeorological Serivice of

USSR, :

"Izvestiya", 20 August 1966.
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COSMIC METEORQ™,0GY » |

A tale of the artificial Earth satellite "Kosmos-1lh"

Five years agc, in accordance with program, announced by
TA3S on 16 March 1962. the first artificial Earth satellite of "
“"Kosmos" series was placed into orpit in our country. Since then
the satellites of this series are being launched regularly.
Their number is already close to hundred and fifty. The "Kosmos"
satellites have greatly contributed to the study of the cuter
space, helped to uncover the pattern of a number of physical
processes, taking place on the Sun, provided new important ‘ ~

information regarding distant objects of the Universe.

But besides the great scientific significance, their

launchingbegins to acquire an essential value in the national

economy. Tody we are publishing a tale of one of the .ateIXites
in the series "Kosmos-144" , meant for gathering meteorological

information and transmitting it to the Earth.

Now & second Soviet meteosatellite "Kosmos-144" is flying
around our planet. It was launched on 28 February into circular
circumpolar orbit 625 km in altitude. It has, just as its i
predecessor 'Kosmos-122" , scientific instrumeats, enabling the

meteoservice to obtain very valuable data on the state of atmosphere

above the extensive territories of the planet. <1he leunching

DEET 3

of satellite "Kosmos-14b4" is the continuation of work in the
sphere of cosmic meteorology, being conducted by our country in

accordance with the International agreement.

| A A
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The alluring prospecte o“ using artificial e€arth
satellites in meteorology are convincingly verified ian practice.
Information regarding the state of atmospheric processes, transmited
from cosmic orbits, are used for weather forecasts, for warning
about the storms and typhoons. The value is specially high of the
information, gathered by satellites from the vast areas of

oceans, polar regions, desert and mountain areas.

The preceding meteosatellite "Kosmos-122" served

continuously during four months and regularly provided an extensive

‘meteorological information. Television, infrared and

actinometric apparatus, as well as the control systems on board
were functioning in spsce for several thousand hours. The analysis
of satellite's performance has confirmed the correctness of
calculations and ;echnical decisions, taken duringits planning
and construction. During operation of satellite the experience

was accumulated for operative processing and the use of
information, obtainéd from the orbit, in the weatﬁer forecasting
service. #pplication of the modern computers for processing the
flow of information, arriving from the outer space, enabled the
Hydrometeocenter of USSR to transmit the results of measurements

to Meteorological Services of other countries.

Experience has shown, that the resolution adapted in
our country on conatruction of meteorological satellite,
assuring simultaneous measurement of a number of indices of the

state of atmosphere, was correct and most effective. The




5
K
/
i

s LR T

B it

(292)

accomplishment of this task demanded of the makers of the
gsatellite and ground systems resolution of the new problems of
ccemic technique, arising from the requirement of long-term
performace of the systems and instruments in the orbit in the
exactly present conditions, automation of processing and

distribution of the obtained meteorological information.

The general view of "Kosmos=-144" is shown in Big. 3.
Two panels of solar batteries, made-up of thousands of photocells
provide the electric power. The main service systems are arranged
in the upper compartmcunt of the container, scientific instruments
in the lower compartment. The "wings" of the solar batteries open
out after the separation of the satellite from the carrier-
rocket. They are provided by an jndependent tracking system,
assuring orientation of the plane of batteries perpendicularly
to direction of solar rays, so as to provide fcr the maximum
productiion of power. ?o prevent the overcharging of accumulators
or inadmissible drop of voltage there is an automatic system for

controlling power supply ofthe satéblite.

For the majority of devices on board the satellite the
electric energy is required as an alternate current in a wide
band of frequencies - from tens to hundreds of cps. Z‘he direct
current of the accumulator battery is converted into alternate
by static semiconductor transformers, which are at the same time
automatic regulators of voltage and alternate curren. frequency
and assure synchronized operation of electrid motors, set up

in various mechanisms on board the satellite.
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Durinrg the flight the satellite is oriented exactly
on Garth. Onc of itn axes is directed to the center of the
Earth, the second - along the trajectory and the third -
perpendicularly to the orbital nrlane. The successful resolution
of the problem in regard to exact spatial orientation of the
long-term continuously-operating satellite by means of
flywheel-electromotors is a remarkable achievement of the
Soviet space technique. Ihe exact orientation of the satellite
had made it possible to apply the so called scanning infrared
and actinometric apparatus, which follows from the orbit the processes -
in the Earth's atmosphere, continuously scanning it in ; -
transversal plane right to left and left to right. And due to
the orbital flight of the satellite there is a scan band.
Morcover, this orientation has considerably simplified processing
of measuring results. The equipment on board the satellite
includes, besides tne or:entation and powver systems, a number cf
radio-electronic and electro-mechanical devices. They assure
memorizing of measuring results and their transmission to
the Earth; radio-observation of the gatellite and ] “rameters
determination of #ts flight; present temperature; single time for
tying measuring results to localities; control and recgulation
of the apparatus performance. The appratus complef of the satellite
is contrelled by automatic device on board, as well ac on commands

from the Barth.
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Figure 3: General view of "Kosmos-144" satellite.

The apparatus of "Kosmos-144" enables tobobtain image
5f cloudiness, snow-cover, ice fields on the illumines and shadow
sides of the Earth, to mcasure flux of rndiation reflected and
radiated by the "earth-atmosphere" system, lelevision appratus is
used for observing cloudiness on theillumined side of the barth.
Two cameras conduct area by area photoesraphinr of the barth's
surface along the flight trajectory of the satellite, the
television cameras are switched on automatically with elevation

angle of the sun above the horizon 5°,
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During the flight of the satellite the illuminance of the
Earth considerably changes due to the changing nature of the
underlying surface, as well as due to the height of the Sumn,.
In order to obtain high-quality photographs, the ciposure ig
controlled by an automatic device, which measures the illuminance
of the Earth and fixes the required diaphragw of the topice. ., From
altitude of about 625 km the television cemeras photograph
the Earth surface along the flight trajectory cf the satellite
with the width of coverage about a thousand km. ‘he high
resolving power of the photographing enables to determine
clearly the shape of the clouds and to analyse in detail the

atmospheric processes taking place in the given area.

As an illustration we insert a photorfaph, obtained
from the satellite on 2 March at 16 hrs 01 min on the 25th turn
of 8 flight. “he satellite's trajectory was passing over the
Indian Ocean south to north. Clearly visible on thephotograph
is the eastern coast of Africa, north of Zaneibar. The clear
weather along the coast extends for over thousand ki About
100 km from the coast line - over enormous territory are chulus
clouds, light clouds of good weather, originating due to
ascending currents. North-east from danzibar a considerable
area is cloud=-covered. In the right top corner can he clearly
seen three huge sources of thick cumulus cloudiness. These rain
clouds with downpour and thunder storms are considerable, and

radius of one of them is about %0 km,

i
PRRIE S W




(296)

Observatio:r of cloudiness on the shadow side of the

Earth is implemented by means of infrared devices, measuring

outgoing radiation of Earth surface and clouds, intensity

of which depends on their temperature. The infrared section

of the spectrum was selected for measurements on basis o the

fact, that in this wave band radiation of tue thermal energy

by Earth surface and clouds is maximum, and radiation absorption

by the Earth's atmosphere is minimum. The intensity of the outgoing
heat energy is déterminable by the temperature of the

radiating surface, and since the clouds are always colder than

the surface of the Earth, their radiation is less intensive.

Continuous intensity measuring of the heat radiation
from surface "scanned" by the satellite, enables to obtain
data of cloudiness not only on the shadow side, but also on

the illumined side of the Earth.

As a rule, the infrared apparatus is switched on for
complete flights of the satellite around the Earth., The receiver
of the infrared appratus, set up on board the satellite, carries
out scaunning pervendicularly to the plane of the satellite's
flight, this enables to obtain the width of scan band of abo'it
1100 km. Heat radiation of the underlying surface and clouds
is transformed by the apparatus into electric signals, proportional
to intensity of the radiated flux. These are recordecd by the

memory &nd at present moment transmitted to Barth.




Photographs of cloud systems, obtainable by means of infrared

apparatus, are in less detail, than television, but are quite
adequate for the analysis ot large atmospheric formations

(cyclons, typhoons, atmospheric fronts) with typical cloud systems,
dimensions of which are measured in hundreds and over thousand km.
Information about cloudiness in polar regionms, specially of the
Southern hemisphere, received by neans of infrared appratus, it is
at present the only source of information, enabling to give the

required reference as to the nature of weather in these areas.

Besides the scanners, two wide-angle cameras operate on
board the satellite, covering the whole visible from the satellite

disc of the Earth,

The system comvlex for meteorological determinzcions
from satellite, includes points of reception, processing and
transmission of data to departments of Hydrometeoservice of
USSR and other countries,. Naturally, each type of determination
has its own method of processing, but ths common is the unusual
"abundance" of information and only 96 minutes for its
processing. ¥hen the satellite completes its patrol turn, informe
ation, obtained during the preceding turn, should be already

processed.

Photographs, made by television cameras, have to be
corrected for the unavoidable perspective distortions of the

optics, which are obtained in photographing a wide strip of Earth

¢
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The infrared image of cloudiness is transformed by means

of special apparatus into macromaps of cloudiness. As a result
of the study of photographs mans are compiled of the cloudiness
analysis,4 which are transmitted to meteorological stationms,

air-ports and hydrometeorological bureaues,

The processing of enormous flow of data of actinometric

(heat radiation) measurements is accomplished by means of

special computers,

The construction of meteorological artificial Earth
sotellite, complex of ground equipment, control, reception and
é processing is a great achievement of the staff of numerous
| institites designing departments and industrial undertakings of
our country. This a creative contribution of an army of

3 specialists to the chromicles of glorious achievements

§ during the Jubilee year of the fiftieth anniversary of our

} Motherland.

% G. Golyshev, Deputy Director of Hydrometeoservice

of USSR; N, Andronov, Professor.

"Izvestiya", 16 March 1967.

g “METEOR" SERVES METEOROLOGISTS.

In the Main Department of Hydrometeorolopical Serive with

ne Council of Ministers USSR,

In orbit at present are two msteorological artificgal i

Earth satellites, which jointly with the points of reception,

IR ETER
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processing and propagation of meteorological idformation form

experimental meteorological space system "Meteor".

The Main Department of the Hydrometeorological Serive
jointly with representatives of scientific and industrial
organizations have analyzed the results of meteorological obser-
vations, being conducted by means of two artificial Earth

satellites - "Kosmos=144" and "Kosmos-156".

As informed by TASS, an artificial Earth satellite
"Kosmos-156" was placed into orbit on 27 April 1967. "Kosmos-156"
just as its predecessor "Kosmos-144'", launched on the 28 February

1967, implements an extensive program of meteorological observations.

The satellite carriems the followirg?:

- television camera, meant for recording pictures of cloud-,
snow- and ice-covers on the day-side of the Earth;

- infrared camera for recording pictures as above on the
shadow side of the Earth;

- actinometric instruments for intemsity recording of
radiation, emitted and reflected by the Earth - atmosphere system,
and for measuring temperature of the clouds and underlying

surface.

The meteornlogical information is recorded by
devices on board the satellite with memorization and subseqguent

transmission to ground stations.

T I T
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For geographical tying of meteorological data the satellite
has functioned systems implementing continuous exact orientation
of the satellite to earth and in flight direction, as well as

synchronization of all recording and memorizing devices,

The power supply of the gatellite's devices is provided
by the solar batteries with independent orientation system on

the sun and chemical batteries of required automaticae

The satellite has also radiotelemetry and systems assuring

exact measurements of orbital elements.

The meteorological data from both the satellites is received
by a network of specially constructed ground points, equipped
with the means for recording and processing of date and connected
by direct communication channels with the Hydrometeorological

Center of USSR.

The reception points of meteorological data conduct by
means of automatic devices and computers decoding, geograpkical
tying and processing of television, the infrared and actinometric

information.

The appratus, set up on "Kosmos-144" and "Kosmos=-156", and
also the ground complex of reception, processinr aand propagation
of meteorological information for the experimental sapce meteoro-

logical system "Meteor".
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The experimental system "Meteor" is meant for a regular
gathering of meteorological information, which will be processed
in Hydrometeorological Center of USSR and used by the operative
weather service in the interest of National economy and for

International exchange.

(TASS)

In Jubilee year of 1967 will be ten years since the
launching of the first artificial Earth satellite. Our
Motherland was the first to open a way for the man into the
outer space, an era of peaceful use of the space. The
accomplishment of a ten-year program of space investigations is
a clear demonstration of enormous achievements of the Soviet

science and technique.

Investirations of the physical conditions in the outer
space, in which for a long time operate composite au.omatic
space observatories, enabled to construct modern meteorological
Earth satellites, the use of which opens out a vast possibilities

fof meteorology.

The present-day weather service is at the stage of
extremely quick recomstruction. If in the past the weather
forecast was estimated for the agricultural activity in the
relatively small areas withim the country, now the task of
meteorologists has sharply changed. Thus, for instance,

quiet airliners, flying out of Moscow, reach within 10=-12 hrs z

-
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pointe, located in another hemisphere of the Earth. Regular
routes, extend for over ten thousand km cover practically the
whole globe. Such are the regular airlines to Cuba, Montreal,
Tokyo, inter continental flights to Antarctic regions. This
requires complete information regarding the ctate of atmosphere

on the scale of the whole Earth.

Not less imp&%tant are the exact weather forecasts also
for the ships at sea and fishing fleet. Their sphere of activity
now is the World ocean. The efficiency of the seamen and
fishermen is determined to & considerable extent by the correct
estimate of hydrometeorological environment, which is formed

at sea.

The former organization of weather service cannot
satisfy the growing needs. Not only that the information has to
be gathered ffom any point of the globe, it has to be received
in time and concentrated in meteorological centers during a very

brief period.

In order to manage one of the most difficult problems
of contemporary science - reliable long-term weather forecast,
the meteorologists have to work out a theory of the total
atmospheric circulation on the Globe. The comstruction of this
theory, taking into account the whole complexity of processes,
active in the air acean of the Earth, is impossitle without
the systematic metworological observations throughout the

whole surface of tre Globe. W¥ith the usual technical means,

0. ] A e PTE LTI T A I Y g e i L

b1

ey S s e Ty g T R Ay PR et | FECkr S



i
r
i
}
i

(304)

which were previcusly at the disposal of meteorologists, it could
rnot be done, ag vast ocean spaces and little-posulated

territories of tho Globe remain practically without meteorological
observations. And only the meteorological satellite - Yeosmic
eye", shifting along an orbit, is capable to follow the

weather on the whole of the planet.

The synoptic meteorologists of our days cannot imagine
analysis of atmospheric processes without the use of satellite's
information - so quickly and decisively it became one with the
weather service. By means of the satellites the gcience
of atmosphere becomes enriched by information about the heat
radiation flux, piercing the air ocean of the Earth. Without
these data it is impossible to estimate the action of "heat

engine", activating the atmosphere.

For quantitative estimates of atmospheric processes, on
which the modern methode of numerical short-term and long-term
weather forecasting are based, the global information of

meteorological satellites is specially important.

Development of experimental espace system "Meteor",
composition of which includes artificial tarth satellites, points
of reception and processing of data, department for the control
of state and performance of systems on board, required resolution
of many scientifical and technical problems. They were
succeséfully managed by the staff of research institutes,

designers and industrial organizations.
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Since the complete analysis of the state of atmospheric
arocesses can be implemented only with an estimate of a number .°
met “ological characteristics, it was decided to construct
a satel .te, providing for simultaneous measurements of the
radi’ .on flux in various sections of the spectrum and photographing
of toud-cover in visible and infrared rays. This is carried
ou! by a complex of scientific apparatus, which includes television
-¢ eras of day and night visibility, infarred equipment for
temperature measuring of the Earth's and cloud surface, and
actinometers for measuring reflected and emitted heat energy

of the Earth and atmosphere.

The complex of sciemntific apparatus has special requirements
of powur, orientation and stabilization of the satellite. ?he
need in the orSit is not only to record the atmospheric processes,
but also to "memorize" the obtained information, to assure its
correct geographical tying. ‘he main significance has the
duration ot the active existence of the satellite in the
orbit and, finally, non-failure of the various electrotechnical

and radio-technical systems,.

Thedevelopment of meteorological satellites begun in
accordance with program for construction of satellites of

"Kosmos" eeries, announced on the 16 March 1962.

Constructed and tested at the first stage were the
electrotechnical devices on "Kosmos=-23" providing for

stabilization of the satellite and orientation of its body on

g,
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the center of the Earth. The perfurmance was thoroughly checked

of the power system automatics, controlling asolar and chemical

batteries.

Investigations of solar batteries have shown, that
with prolonged effect on them of the cosmic metter, and with
long-term working there is ageing of photocells and change in

their specifications. This results in decreased efficiency of

the batteries.

The investigation results were used in co~ ‘*>ruction

of more perfect power sources on the subsequent types of satellites.

At the second stage of working on the experimental
meteorological system "Kosmos-122" was constructed and tested.
In this satellite the set of devices for meteorological
observations - television, actinometric, infrared - was
combined with a system, assuring many months function of
satellite in the orbit. To provide for such a long-term
performance of the satellite required resolution of multiple
composite technical problems. 4‘hus, two independent orientation
systeme were used on "Kosmos=-122": one = for continuous ofient-
ation of the device compartment on the Earth, the other - for

orientation of solar batteries on the Sun.

As orientation sensors on the Sun the application was of
special photocells, reacting only to a certain part of its
rays spectrum. for orientation determination on Earth
the appiication wus of devices, reacting to ite heat radiation,

5
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the sensors of which ars highly semsitive to various
e) ectromagnetic interference. sppropriate measures were taken

to eliminate the effect of any interference on board the

=meteorological satellite.

Special study was conducved of the bearing nodes of electric
engines and ‘:ther mechanisms in conditions of deep vacuum - in
the outer =nace. Great attentiun wes peid to the questions
of thermal regulation for assuring normal conditions insive the

gatellite for all the instruments, sensitive to temperature

variations.

The third stage of constructing experimental meteorological
system was marked by the launching on 28 February and 27 April
of the current year of "Kosmos-144" and "Kosmos=156" into near

circular orbits, passing at altitude 625-630 km above the Earth.

The launching of satellite “Kosmos-156" was carried out
with an estimate for the initial plane of its orbit to be displaced

in the relation to the orbital plame of "Kosmos-144" by 95°,

Each of the satellites, which entered today into
the experimental meteorological system "Meteor" enables to
obtain during only one orbital period information regarding
cloudiness from a territory, composing about 8 ¥,and data

on the radiation flux - approximately from 20 % of the Globe's

surface.
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The reciprocal position of the gatellites orbits is
selected so, that they conduct weather observations above each
of the development of atmospheric processes in various arers of
the Globe. The existing system of the two satellites makes
it possible even now to obtain within 24 hours meteorological

jnformation from half the surface of our planet.

With simultaneous orbiting of several meteorological
satellites the problems of their control and that of the system

as a whole become considerably more complicated.

For a normal functioning of a systemaf meteorological
satellites requires with the passage of each of them above the
reception points quick processing of telemetric information,
which contains meteorological data and information regarding the

performance oY apparatus on board.

This composite problem has been successfully resolved
by means of ground control complex. ine telemetric information
is put into the quick-acting computers, Almost immediately
the communication ceases with satellite the computers complete

processing of all telemetric data, edit them and issue in the

form convenient for use.

Before the information arrives from the next orbit
the meteorological data should be fully processed and presented

in the form of charts and maps for an operative weather service.

V)
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} These data quickly reach the meteorolegicnl departmentn within '
the country, as well as abroad. This is done by npecial communieation
‘ channels, which enable to tranemit by wire or radio weather maps,

charts and photographs of cloud=-cover.

Information incoming from "Kosmos-144" and "Kosmos=-156" is
widely used in the daily work of the weather service research centers.
In Hydrometeorological Research Center of USSR the analysis are
verified by means of this information of synoptic mavs, and also
weather forecasts for 1«3 days ahead. The material from satellites
is specially useful in the analysis of the state of weather above
areas with a sparse network of meteorological stationms. Thus, at
present the information of "Kosmos=-144" and "Kosmos=156" is
successfully used in forecasting wvind and swell in conducting
through several oceans of a large floating dock, which is now

in the Pacific Ocean., Great interest represent also data on

position ofice in the Arctic Ocean, obtained from the satellites.
Now this cosmic ice survey above the areas of the Arctic Ocean is :
of special value due to the navipgation beginning along the

Nerthern sea route.

The experimental meteorological system "Neteor" is the
result of implementing an extensive program of work on the use of !

artificial Earth Satellites in the interest of National economy of

our country.

upravda" June 4, 1967.
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CHAPTER - III

SPACECRAFT FOR MOON INVESTIGATION.

Tass Communique on the Launching of Cosmic
Rocket tcward the Moon.

The years 1957-1958 were marked by the greatest
achievements of the Soviet Union in the sphere of rocket
construction. The launching of the Soviet artificial Earth
satellites enabled tn accumulate the material required for
accomplishment of cosmic flights and reaching other planets
of fhe Solar System, The research and designing carried out
in the USSR were directed toward construction of artificial
Barth satellites big in = - size and weight. The weight of

the third Soviet satellite, as we know, composed 1227 kg.

With successful launching on the Lth of October 1957
of the first in the world artificial Earth satellite and
subsequent launching of heavy Soviet satellites according to
IGY program the first space velocity - 8 km per second was

obtained.

As a result of further creative work of the Soviet
scientists, designers, engineers and workers a multistage
rocket has been constructed at present, the last stage of which
is capable of attaining the second space velocity - 11.2

km/sec, assuring the possibility of interplnnetary flights.
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Un the 2nd of January 1959 the launching of a space
rocket toward the Moon was carried out in the Soviet Unionm.
The multistape spacd rocket was directed according to preset
program on the flight path toward the Moon. According to
tentative data, the last stage of the rocket has obtained
the required second space velocity. Continuing its flight,
the rocket intersected the eastern boundary of the Sovict
Union, passed above the liawaiian islands and is flying above

the Pacific Ocean, ranidly receding from the Earth.

On 3rd January at 3 hrs 10 min Moscow time the space
rocket on its flight toward the lioon will pass above the
southern part of Sumatra, being at a distance from the Earth
of above 110 thous. km. According to tentative calculations,
which are being verified by direct observations, the space
rocket should reach the area of the iloon at about 7 hrs on the

4th January 1959.

The last stage of the rocket weighing 1472 km without
fuel is cquipped with a srecial container with meosuring

instruments for the following scientific investigationa:

detection of the lioon's magnetic field;

- intensity and itc variations study of cosmic rays
beyond the magnetic field of the EBarthj

-~ photons recording in cosmic radiation;

- detection of the Moon's radiocactivity;

« distribution of the study of heavy nuclei in

cosmic radiationg
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study of the gas component of interplanctary matter;

-~ corpuscular radiation study of the Sunj

meteor particles study.

To observe the flight of the rocket's last stage it

carries:

radio-transmitter, emitting on frequencies 19.997
and 19.995 megacycles per second telesraphic sendings

lasting 0.8 and 1.6 seconds;

radio-transmitter, operating on frequency 19.993 mcps
in telegraphic sendings of variable duration about
0.5=-0.9 sec, used for transmitting data of scientific

observations;

radio-transmitter emitting on frequency 183.6 mcps,
used for measuring parameters of flight and
transmission to Larth of scientific information;

special apparatus, meant for creating sodium cloud -

artificial comet,

The artificial comet can be observed and photographed
by optlcs, provided with light filters, which separate the

spectral line of sodium,

The artificial comet will be formed on >rd January at
about 3 hre 57 min Moscow time and will be visible for 2=5 min
in the vicinity of Virgo conetellation, approximately in the

center of triangle, formed by the stars alpha Bootis, alpha

Virgo and alpha Libra.
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The space rocket carries on board a pennant with the
Notional Emblem of the Soviet Union and inscription: "Union

of the Soviet Socialistic Republics. January, 1959,

Total weight of the scientific and measuring instruments

with power sources nd container compose. 261.3 km,

The scientific stations in various areas of the Soviet
Union observe the first interplanetary flight. The trajectory
elements are determined on computers from the measuring data,

incoming automatically to coordinating-computing center.

‘‘he processing of measuring results will enable to
obtain data on the flight of space rocket and to determine
those sections of interplanetary space, in which the scientific

observations are being conducted.

The constructive work of all the Soviet people, directed
toward resolving the most important vroblems of socialist
community in the interest of all progressive mankind, made
it possible to accomplish the first successful interplanctary
flight.

The launching of the Soviet space rocket once again
shows the high level in the development of the national
rocket-construction and again demonstratec to the world the
outstanding achievement of the advanced Soviet science and

techninue,
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The greatest mysterics of the Universe will become

more attainable to the man, who in the near future will be

able to step on the surface of other planets.

The staff of Research Institutes, designing departments,
factories and test organizations, who constructed new rocket
for interplanetary communications, dedicate this launching to

the XXI Convention of the Communist Party of Soviet Union.

Pransmission of data on the flight of the space rocket

will be regularly conducted by all radio-stations of the
Soviet Union.

To Scientists, Engineers, Technicians, Workers, the

entire Staff, perticipating in construction and launching

of space rocket.

The construction of multistage space rocket and its
successful launching toward the Moon on the 2nd January 1959

marks the greatest achievement of the Soviet science and

technique.

The firet interplanetary flight of the Soviet space
rocket opens out a glorious page in the study of the outer
space and demonstrates to the mankind the creative genious of
the free Soviet people and gigantic scientific and technical
progress, attained by the workers of the (first in the world)

| country of v. :torious socialism.

"Pravda", 3rd January 1359,

T et 2 sl 4 T
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The Central Committee of the Communist Party of the
Soviet Union and the Council of Hinisters of USSR congratulate
scientists, engineers, technicians, workers and gll the staff,

participating in construction and launching of the space rocket.

Dear Comrades ! The Party, Government and all Soviet
people highly value your selfless labor and are firmly
corvinced, that many times more will you gladden our beloved
Motherland and the entire progressive mankind by new discoveries

and achievements of un.versal significance.

Glory to the toilers of Soviet science and technique,
paving new paths to uncovering the mysteries of nature and

subjugating its forces for the good of mankind.

Central Council
Committee of of Ministers
cPsU USSR

THE FLIGHT OF SOVILET SFACE RUCKET CUNTILLISS.

At 10 hrs on the 5th vanuary the Soviet space rocket

continues its flight.

On Sth January the incoming from the rocket radio=signals

have considerably attenuated.

“Pravda', Uth January 1959.
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Due to concumption of power supply resources the
reliable radic-c mmunication with the rocket censed on Sth

January at about 10 hrs loscow time.

During the 62 hrs of its flight from the moment of
launching the space rocket receded from the Earth at 597
thous.km at 10 hrs. on the 5th January. On this flight path
34 hre after start it passed in the vicinity of the Moon and,
overcoming the attraction of the Earth and the loon is coming

out on its orbit around the Sun,

For 62 hrs, according to program, there was a steady
communication of rocket with the Barth which enabled to observe
the flight of the rocket and to get the information about the

performance of scientific instruments aboard the rocket,

The program of research investigations and observations

of the rocket is completed.

‘"he space rocket will finally come out into periodical
orbit of artificial planet on the 7-8th January of current

yeare.

The artificial planet orbit is between the orbits of

the Earth and Mars.

The least distance between the orbits of artificial
planet and Mars composes about 15 mln km, which is approximately
a quarter of the distance Barth and lars during the favorable

opposition of lara.
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Flying along its orbit around the Sun with orbital
period 450 terrestrial days, the g tificial planet after
about five years will again arnroach the Earth, however, its

distance from the Zarth will be in the order of some tens of

millions of km.

The tatks, set in the launching of space rocket, are

accomplished.

Valuable material was obtained for further development
in construction of interplanetary rockets, as well as important
results on further space radio-communication, a number of
investigations was carried out of high scientific significance
on physical problems of the outer space, expanding our

knowledge of the Universe,

The obtained scientific results will be published with

processing of observations.

After the construction by the Soviet Union of the
firat artificial Earth satellite the launching on the 2nd
January 1959 of the Soviet space rocket, which has become
forever the first artificial planet of our Solar Bystem, is a
majestic event of the epoch of building communism and opens

out an era of interplanetary flights.

"Pravda", Gth January 1959.
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SOVIET SPACE ROCKLT.

On 2nd January 1959 a succeessful launching was
accomplished in the Soviet Union of space rocket toward the
Moon. For the first time in the history of mankind a space=
craft was conctriicted, which not only attained, but even
exceeded the second space velocity. The last stage of the
rocket, weighing 1472 kg (without fuel), passed in the
vicinity of the Moon and became the first ac+tificial plane of

the Solar System.

This event marks the new stage on the path of mastering
the outer space. The creative labor of Soviet people has
brought into being a new celestial body, which has overcome the
terrestrial grrvity and is flying along an elliptical orbit

around the Sung

The construction of the space rocket was the r.atural
continuation of werk on intercontinental rockets and large
artificial Earth satellites, conducted in the Soviet Union.

It is a known fact, that the weight of the third Soviet
satellite is 1327 kg. All this vork has enabled to acecumulate

the required experience for constructing large space vehicles.

The flight of the rocket in the outer space has made it
possible to accomplish a set of the most important ccicntific

experiments on the investigation of interplenetary matter. For
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the firat time the possibility has been realized for
conducting direct scientific measuremento in cxtensive

program at such great distances from the Earth,

The launching of the apace rocket is another outstanding
success of the foviet science and technique. ¥For accomplishing
the space flight a multistage rocket was constructed, distinnt
by high constructive perfection, wifh powerful highly-effective
rocket engines. Flight control of the space rocket during its
insertion into preset trajectory was accomplished with high

precision by means of special automatic system,

To implement the program of research experiments the
constriaction was of unique scientific instruments and special
radio-metering systems. Total weight of scientific and
measuring instruments with power sources and container composes
361.3 kg. Theflight trajectory in the outer space was
controlled by means of a set of radio-technical means, which
enabled to dete;mine the coordinates and velocity of the

rocket at every moment of its flight.
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Figs1. The pennant (from the right and reverse sides),
on board the space rocket,
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The lavnching of the Seviet space rocket denotes the
entry of mankind into the ora of interplanetary flights. The
next stages on this course should be further investigations
of outer circumesolar space, investigations of the Solar Systam

planets and manned flight to other plancts.

Scientists, , designers, engineers, techniciens, workers
and testers, whose inspired creative labor inscribed a new
page into the history of the world science and technijue,
dedicated the launching of the space rocket to the XXI

Convention of the Communist Party of the Soviet Union,

All Soviet people are discussing the majestic program
of “uilding up communism in our councry, put forward in
summaries at the XXI Conven’ion of the Communist Party of the
Soviet Union. Implementation of this program under the
leadership of the Communist Party and the Soviet Government
will assure new, even mcre vigorous uplift of the national
economy in our country and will bring the Soviet people to
conguering new peaks in every cphere of séie-ce and technijue
undoubtedly we shall witness in the next few years new
outstanding successes of our country in mastering the outer
space and discoveryof new secrets of the nature for the good

of the Soviet people and the entire progressive munkind.

The high appreciation by the Central Committee of CLSU

and the Council of Ministers USSR of the work ~f scientists,

[T S
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engineers, technicinne and workers, whe conntructed the
multistage rocket and accomplished its cuccensful launching
toward the Moon on the end January 1959, inepires the staff
of Research Institutes, Designing Departmenis, factories
and test organizations to selflc.c lubor for attaining new

succesges in the mastering of the outer space,

The Flight of the Space Rocket.

The multistage cpace rocket started from the Earth
surface vertically., Under ‘he effect of ti : programming
mechanism of automatic system controlling the rocket, its
trajectory gradually deviated from the vertical. 'The velocity
of the rocket gquickly increased. At the end of the accelera-
tion section the last dtage of the rocket picked up the
velocity, required for its further flight. The autcmatic
control system of the last stage switched off the rocket
engine and gave the command for the separation of container
with research instruments from the last stage. The container
and the last stage came out onto the trajectory and began
their flight torrard the Moon, remaining at close dis.ance

from each other,

In order to overcome the terrestriel attraction, the
space rocket should pick up velocity not below the second
space velocity. The second space velocity, known also as

the parabolic velocity, composes on the surface of the Earth
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11.2 km/see. This veloeity 13 critical in the senne,

that at lower velocities, known a8 elliptical, the body
either becomes the Earth satellite, or rising to a certain
ultimnte altitude, returns to Earth. At velocities, higher,
than the second space velocity (hyperbvolic velocities) or
equal to it, the body {s capable of overcoming the

terrestria). attraction and receding from the Earth for ever.

The Soviet space rocket at the switch-off moment of
the last stage rocket engine have exceeded the second
space velocity. The main effect on the further flight of
rocket, prior to its approach to the Moon, is of the gravity
force of the Earth. As a result of this, according to
celestial mechanics, the fligat trajectory of the rocket in
relation to the Earth's center is almost a hyperbola, for
which the Barth's center is one of its foci. The trajectory
js more curved close to the Earth and straightens out with
receding from the Earth. At great distances from thc Earth
the trajectory becomes almost a straight line. At the start
of the rocket's flight along a hyperbolic trajectory its
velocity is very high. However, with withdrawal from the
Eerth, the velocity of rocket decreases under the effect of
terrestrial force., Thus, if at altitude of 1500 km the
velocity of rocket in relation to the center of the Earth was

slightly over 10 km/sec, at altitude of about 100 thous.km

it was about 3.5 km/sec.
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Fig.2. Course diagram of the space rocket,

The figures in diagram correspond to successive position of
the rocket's projection on the Earth's surface.

1-3 hrs 3rd January, 100 thous.km from the Earthj
2~ formation of artificial comet;

3-6 hrs, 137 thous.km;

4213 hrs, 209 thoue.km;

5-19 hrs, 265 thous.km;

6-21 hrs, 234 thous.km;

7-5 hrs 59 min 4th January, 370 thous.km ~instant of
the nearest approach to the Moon;

8-12 hrs, 422 thous.km;
9«22 hrs, 510 thous.km;
10-10 hrs Sth January. 597 thous.km.

e ety
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The rotational speed of radius vector, connecting the
center of Earth with rocket, decreases according to Kepier's
inverse-square law. If at the gtart of flight this speed
was about 0.07 degree/sec, i.e. exceeded more than 15 times
the daily rotation of the Barth, after about one hour it
became lower than the angular velocity of the Earth, Buf
when the rocket approached the Moon, the rotation speed of
its radius vector reduced by more than 2000 times and became
five times less than the angular velocity of the Moon's
rotation about the Earth, Whereas the rotational speed of

the Moon is only 1/27 of the Zarth's angular velocity.

These peculiarities of tne rocket's movement along the
trajectory determined the nature of its displacement in

relation to Zarth surface.

The map shows time displacement of the rocket's
projection on the Earth's surface. 4s long as %he rotational
speed of radius vector of the rocket was high in comparison
to rotational speed of the Barth, this projection was
displaced eastward, gradually deviating to the south, There-
after this projection began shifting initially southewest
and after 6-7 hrs after the start of the roctet, when rotation
velocity of radius vector became very low, almost excactly

west.
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.Fig.3. Approach path of rocket to the Moon.

1= Moon orbit; 2« rocket patli; 3- position of Moon at the
start of rocket; L- position of Moon at the moment of rochket
approach.

The movement of tie rocket among the constellations
in celestial sphere is shown on diagram in figure 4, The

movement of the rocket in celestial sphere was very irregular

- fast at the start and very slow at the end,

After about an hour of flight the path of the rocket
in celestial sphere entered into constellation Coma
Berenices, Thereafter the rocket passed into constellation

Virgo, in which its approach to the Moon took place.

On the 3rd January at 3 hrs 57 min Moscow time, when
the rocket was in the constellation Virgo, approximately in
the middle of triangle, formed by the stars Arctur, Spica and

Alpha of Libra, an artificial comet was created by means of
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special device aboard the rocket, made up of sodium vapors,
luminescent in the Sun's rays. This comet could be observed
from the Earth by optics for geveral minutes. Duriag the
passage'close to the Moon the rocket was between the stars

Spica and Alpha of Libra.

The rocket path in celestial vault on approach to the
Moon is inclined to the Moon's path at sbout 50 degrees.
In the vicinity of the Moon the rocket's movement in celestial

sphere was about 5 times slower, than that of the Moon.

The Moon, orbiting about the Earth, approached the
point of convergence with the rocket from the right, if we
look from the : crthern part of the Barth. The rocket
approached this point from above and from the right. During
the period of meximum convergence the rocket was above and

slightly to the right of the Moon.

The flight time of rocket to the Moon's orbit depends
on the excess of the initial velocity of the rocket over the
escape velocity and the higher is this excess, the shorter
will be this time. This excess was selected with an estimate,
that the passage of the rocket in the vicinity of the Moon
could be observed by means of radio-stations, located on the
territory of the Soviet Union and other countires of Europe,
as well as in Africa and major part of Asia. Tre flight time

of space rocket to the Moon :'as 34 hours.
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During the maximum convergence distance between
the rocket and the Moon, according to confirmed data, was

5«6 thous.km, i.e. one and a half diameters of the Moon.

When the space rocket approached the Moon at a distance
of some tens of thousends km, the attraction of the Moon
began to have a noticeable effect on the movement of the
rocket. The effect of the Moon's gravitation resulted in
deflecting the direction to the rocket's movement and change
in velocity of its flight in the vicinity of the Moon. In
convergence the Moon was lower than the rocket, and therefore,
due to the gravitation of the Moon, the flight direction of
the rocket deflected downward. The gravitation of the Moon
also built up a local velocity increment. This increment

reached maximum in the area of the maximum convergence.

Fig.t, Diagram of rocket path toward the
Moon on celestial ma.
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1- Moon orbit; 2=~ convergence point of rocket with the Moon;
3. the position of the Moon at the moment of the rocket's
start.

a- Serpens; b= Arctur; c- Booties; d- Coma Berenices;

e- Virgo; f- flare of the comet; g- Libra; h- Spica.

After convergence with the Moon the space rocket
continued to recede from the Barth, its velocity in relation

to the center of Earth decreased, approximating about 2 km/sec.

Fig.5. Calculated orbit of artificial planet
in relation to the Sun (the planet is shown on
the chart at the moment of maximum cuivergence
of rocket with the Moon).

1- aphelion of the artificial planet; 2= the Earth's orbit;
3~ Mars orbitj; L. artificial planet orbit; 5- perihelion of
artificial planet; 6~ Barth; 7- Mars; 8- the point of
rocket's entering an orbit,

At a distance from the Earth of about one million knm

and over the effect of the Earth's gravitation on the rocket




paetC

et e A T TR

gt g g ==

.
e G S T TR

- 329

ie attenuated to an extent, when the movement of the

rocket may be assumed to be occurring only under the effect
of the Sun's gravity force. About the 7-8th January the
Soviet space rocket entered its owi independent orbit
around the Sun, became its satellite, transforming into

the first in the world artificial planet of the Solar System.

The velocity of the rocket in relation to the Earth's
center during the 7-8th January was directed approximately
in the same way, as the velocity of the Earth in its rotation
around the Sun. Since the Eerth's velocity is 30 km/sec,
and the velocity of rocket in relation to Barth - 2 kn/sec,
the velocity of rocket, as a planet around the Sun was

approximately 32 km/second.

The exact data on position of the rocket, its direction
and velocity at great distances from the Earth make it
possible to estimate according to laws of celestial mechanics
the movement of the space rocket as a planet of the Solar
System. The estimate of orbit was done without accounting
for disturbances, which may be caused by the planets and
other bodies of the Solar system., The estimated orbit is

characterized by the following data:

= inclination to orbital plane of the Earth sbout
1°. i.e. very low;
- orbitaleccentricity of the artificial planet is

0.148, which is more noticeable, than the eccentricity

T V.
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of terrestrial orbit, equal to 0,017;

- minimum distance from the Sun is about 146 mln
km, i.e. only a few mln km less, than the distance
of Earth from the Sun (mean distance of Earth
from the Sun is 150 mln km);

- maximum distance of artificial planet from the
Sun will be about 197 mln km, i.e. the space rocket
in this case will be 47 mln km further fron the Sun,
than the Barth;

- the orbital period of the artificial planet arounli
the Sun will be 450 days, i.e. about 15 months. The
minimum distance from the Sun will be attained for
the first time in the middle of January 1959, and the

maximum - at the beginning of September 1959.

It ic interesting to note, that the orbit of the Soviet
artificial planet approaches the orbit of Mars at a distance
of about 15 mln km, i.e. approximately four times closer

than that of the Earth.

Distance between the rocket and the Earth in their
movement around the Sun will vary, some times increasing,
sometimes decreasing. Maximum distance between them could

reach upto 300=-350 mln km.

During the rotation of the artificial planet and the
Earth around the Sun they may converge at a distence of about

a million km.

PR ——
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The Last Stage of the Space Rocket and
Container with Research Inatruments.

——— e A e s S A T A S ety

The last stage of the space rocket is a controllable

rocket, attached by means of adapter to preceding stage.

The rocket is controlled by automatic system, stabilizing
the position of the rocket on the preset path and providing
for the estimated velocity at the end of the engine's work.
The last stage of the space rocket after consumption of the

fuel reserve weighs 1472 kg.

Besides devices, assuring normal flight of the last

rocket stage, its body carries the following:

hermetic, separatable container with scientific and

radio~technical instruments;

:two transmitters with antennas, operating on
frequencies 19.997 and 19.935 megacycles per second;
- cosmic rays counters

-~ radio-system, by means of which the flight path is
determined of the space rocket and its further
movement is forecast;

- device for the formation of artificial sodium comet,

The container is arranged at the top of the space
rocket's las* stage and protected from heating during the
rocket's transition through compact atmospheric layers by

Jettisonable nose,




PRI L ]

e ot =, ok ot

- —— —— . | S—

aw—

- 332 -

The container is made up of two spherical fine half~-
sheathe, hermetically joined by frames with packing of opecizl
rubber. One of the half-gheaths of container carries b
antenna rods of the radio=-transmitter, operating on frequency
183,.6 mega cycles per second. These antennas are fixed on
the body symmetrically in relation to the hollow aluminium
probe, at the end of which is a sensor for measuring magnetic
field of the Barth and detecting magnetic field of the Moon.
After jettisoning of the nose the antennas open cut. The
same half-sheath carries two proton traps for detecting gas
component of interplanetary matter and two piezoelectric

sensors for the study of meteor particles.

The half-sheaths of container are made of special
aluminium-magnesium alloy. On the frare of the bottom
half-sheath is fixed instrument frame of tubular construction

from magnesium alloy, carrying instrument of the container.

Carried inside the container are the following apparatus.

1. Apparatus for radio-control of the rocket's flight path,
consisting of transmitter, operating on frequency
183.6 megacycles per second, and receiver block.

2. Radin-transmitter, operating on frequency 19.995
megacycles per second.

3, Telemetry block for transmitting recearch data and data
of pressure and temperature within the contuiner to the

Earth by radio-systems.
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Fig.5. Pentagonal elements of the spherical
pennant.

L, Apparatué for the study of gas component of the
interplanetary matter and corpuscular radiation of i
the Sun, ;

Se Instruments for measuring magnetic field of the Earth ?
and detection of the Moon's magnetic field. ?

6. Appratus for the study of meteoric particles.

7 Instruments for recording hravy nuclei in the primary

‘ cosmic radiation.
8. Instraments for recording intensity and its variation |

of cosmic rays and photons in cosmic radiation,

The radio and research apparatus of container are

energized from silver-zinc accumulators and mercury
oxide=zinc cells, arranged on the instrument frame of

container,
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The container is filled with gao at pressure 1.3 atm,
The construction of container ensures high tightaese of the

incide volume. Gas temperature inside the container is

maintained within the set limits (about 20°C). These

temperature conditions are provided by imparting to the |
shell of container - certain factors of reflection and |
irradiation by special processing of the shell., Moreover,
the container is fitted with a vertilator, providing forcible
circulation of gas. Gas circulating in container draws heat

from the instruments and gives it over to the shell, which

is a unigue radiator.

Separation of container from the last stage of the

space rocket occurs after the engine of the last stage ceases

operating.

This separation is necessary from thz viewpojat of
ensuring thermal conditions of container. The fact is, that
the instruments inside the container give off a great amount
of heat. The thermal conditions, as mentioned above, are
provided by retaining certain balance between heat irradiated

by container shell, and heat, obtained by the shell from the

Sun.

The separation of container provides normal working
conditions of antennas and instruments for the measuring of
magnetic field of the Earth and detection of the Moon's
magnetic field; es a result of container's separation the

magnetic effects are eliminated of the motal construction of
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the rocket on magnetomcter reading,

The total weight of research and measuring inatruments

with container and power: supp.y sources on the last stage of

the space rocket composes 361.3 kg.

To mark the construction in the Soviet Uﬂion of the
first space rocket, which has become an artificial planet
of the Solar Syétem. the rocket carries two banners with the
State emblem of the Soviet Union. The banners are within the

container.

One banner is in the shape of a fine metal tape. On
one side of the tape is the inscription: "Union of the Soviet
Socialist Republics", and on thc other are the emblems of
the Soviet Union and inscription: January 1959 January". The
inscriptions are applied by a special photochemical method,

ensuring their remaining intact for a long time.

The second banner is of a spherical shape, symbolizing
the artificial planet. The sphere's surface is covered by
pentagonal elements of stainless steel, Engraved on one side
of each is the inscription: USSR January 1959", and on the

other - emblem of the Soviet Union and inscription "USSR",
The Set of Measuring Instrumente.

Ts observe the flight of the space rocket, measuring

orbital parameters and data reception of scientific

PR e S T
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measurements the use was made of a large measuring complex,

spread out through the whole of the Soviet Union,.

This complex included a group »f automatic radar
stations, meant for exact determination of orbital elements
in the initial section; a group of radiotelemetric stations
for recording of scientific information, trancmitted from
aboard the space rocket; radio-technical system for
controlling path elements of the rocket at great distances
from the BEarth; radio-stations for reception of signals on
frequencies 19.997; 19.995 and 19.993 megacycles per sec;
observatories for observing aud photographing of artificial

comet.

A timing apparatus and radio-communication system were
used for coordinating the work of the stations and typing of

results to astronomical time.

Data processing of the path's elements measuring,
incoming from the areas of the statione, orbital elements
determination and issue of instructions to the stations were
implemented by coordinating~-computing center by means of

computers,

The automatic rada. stations were used for quick
determinations of the initial flight conditions of the space
rocket, isecue of long-term forecasting of the movement of the

rocket and instructions to all measuring and obsefving

stations. Measuring data of these stations were converted
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by means of apecial computers inte binary code, averagod,
tied to antronomical time with precinion upto a few
milliseconds and automatically insucd inte communication

lines,

In order to prevent possible errors in measuring data
in transmission along the communication lines, the measuring
information was coded. The application of code enabled to
find and correct one error in the figure being tranemitted

and to find and throw aside figures with two errors.

The transformed measuring information arrived at the
coordinating center. Here by means ol input devices the
measuring data were punched on cards, from which the electronic
computers carried out joint processing of measuring results
and orbital estimates. The initial flight conditions of the
space rocket were determined on basis of a great amount of
trajectory measurements as a result of resolving the boundary-
value problem with the use of least squares method. HNext
followed integration of a system of differential equations,

describing the joint movement of the rocket, Moon, Larth and

Sun.

The telemetric ground stations received information
from the space rocket and rccorded it on photofilms and magnetic
tapes. To provide a greater reseption distance of radio=signols

highly-sensitive receivers were used and special antennos

with considerable effective area.

[—
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Radio-stations, operating of frequencies 19.997,
19,995 and 19,993 megacycles per gsecond, received radio-
signals from the space rockct and recroded them on mugnetic
tape. In this case measurements were conducted of the
intensity of the field and a number of other measurements,

enabling .to conduct jonospheric investigationse.

By changing the manipulation type of transmitter on
frequencies 19.997 and 19.99% megacycle per second, data were
transmitted on cosmic rays. Along the channel of transmitter
on frequency 19.993 megacycles per second the main scientific
information was transmitted by changing duration of interval

between the telegraphic sendings.

For optical observation of the space rocket from the
Earth to confirm the passage of space rocket along the given
scction of its path an artificial sodium comet was used. This
artificial comet was formed on the 3rd of January at > hrs
57 min Moscow time at a distance of 113 thoueand km from the
earth. The artificial comet could be observed from areas of
Central Asia, Caucasus, Near Bast, Africc and India. The comet
wac photographed by mua.s of a npecially constructed optical
apparatus, set up in the southern astronomic observatories
of the Soviet Union, To enhance the contrast o” photogravhie
imprints light filters were used, which separate the spectral
line of sodium. In order to enhance the sensitivity of

photographic cameras a number of installations were equipped
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with electronic image transformers.

In spite of the bad veather in majority of areas of
optical observations of the rocket, it was possible to

obtain several photographs of the sodium comet.

Orbital control of the space rocket upto distances
400-500 thous.km and elements determination of its path were
conducted by means of a special radio-technical system,
operating on frequency 183.6 megacycles per second. At
exactly determined moments the measuring data were antomatically

derived and fixed in the digital code on special appliances.

Jointly with the time, during which the reading was
taken of the radio-technical systen, these data were quickly
arriving at the coordination center. Joint processing of
these measurements with data of radar system enabled to
verify the orbital elements of the rocket and to control

directly the movement of the rocket in space.

The use of powerful ground transmitters and highly-
sensitive receivers provided for assured determination of the

space rocket path upto about 500 thous.kme.

Application of the above measuring stations enabled
to obtain valuable data of scientific investigations and to
control and forecast reliably the movement of the rocket in

the outer space.
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The abundant material of the path determinations,
implemented during the flight of the first Soviet space
rocket, and experience of the automatic data processing on
electronic computers will be of great significance in the

launching of subsequent space rockets.

Scientific Investigations, Study of Cosmic Rays.

One of the main tasks of scientific investigations,
being carried out on the Soviet space is the study of cosmic

rays.

Composition and properties of cosmic radiation at great
distances from the earth are determined by the conditions, in ‘
which cosmic rays originate, and by the structure. of the outer
space. Upto now the jnformation on cosmic rays was obtained
by measuring cosmic rays in the vicinity of the earth. Whereas,
as a result of the effect of a whole seri?s processes, the
composition and properties of cosmic radiation on the earth

are sharply distinct from those, which are inherent to the
"true" cosmic rays themselves. Cosmic rays observed on the
earth's surface resemble very little those particles, which

are incoming to us from the space.

With the use of high-altitude rockets and specially
of earth satellites the path of cosmic rays from the outer

space to receiver does not contain any mere an appreciable
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quantity of matter. However, the earth is surrounded by
magnetic field, which partially deflects the cosmic rays.
On the other hand, the same magnetic field creates a unique

trap for cosmic rays. Having once fallen into thic :trap,

the particle of cosmic rays wanders there for a very long
time. As a result a great number of cosmic ray particles

gets accumulated in the vicinity of the earth.

As long as the instrument, measuring cosmic radiation,
is within the activity sphere of the earth's magnetic field,
the measuring results will not make it possible to study cosmic
rays incoming from the universe. It is known fact, that among
the particles, which are present at altitudes of about 1000 km,
only a negligible part - about 0,1% - arrives directly from
the cosmos. The remaining 99.9% of particles originate,
apparently, from decay of neutrons, emitted by the earth (to
be more exact, by the upper layers of atmoephere). These
neutrons are in turn created by the cosmic rays, bombarding

the earth.

Only when the receiver is beyoud not only the earth's
atmosphere, but also beyond the earth's magnetic field, will

it be possible to elucidate the nature and the origin of

cocmic rays.

The Soviet space rocket carries various instrumeats,
which permit an all-round study of the compositicn of cosmic

rays in the interplanetary space.
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The intensity of cosmic radiation was determined by

means of two charged-particles countere . The composition

of cosmic rays was investigated by means of two photomultipliers

with crystals.

The following was measured for this purpose:

1.

2.

Se

Se

Energy flux of cosmic radiation within a wide
energy band.

Number of photons with energy above 50,000
elactron-volt (hard X-rays).

Wumber of photons with energ&Aabove 500,000
electron-volt (gamma-rays).

Number of particles capable to pass through sodium=-
jodide crystal (the energy of these particles is
above 5,000,000 electron-volts).

Total ionization, induced in the crystal by all

types of radiation.

The counters of charged particles produced impulses in

the special so called conversion circuits.

By means of these

circuits it is found possible to transmit by radio signal,

when a certain number of particles has been ccunted,

Photomultiplicrs, connected to crystals, recorded

light flash in crystals with the through passage of cosmic

radiation particles,

the intensity of impulse at the output

of photomultiplier was proportional within certain limits to

the amount of light, radiated at the instant of passage of
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the cosmic rays particle within the crystal. The amount of
light in its turn is proportional to the energy consumed in
the crystal for iorizing particles of cosmic rays. By
separating impulses with intensity higher than a cart&in value,
it is possible to investigate composition of cosmic rays. The
most sensitive system records all cases, when the energy,
separated in the crystal, exceeds 50,000 electron-volts.
However, the penetrative capacity of particles with these
energies is very low. In these conditions the recording will

be mainly of X-rays.

The number of impulses is countzd by means of the same
conversion,circuits, as for counting the number of charged

particles,

In the same way the:separation is made of impulses,
intensity of w.ich corresponds to energy release in the

crystal of over 5C),000 electron-volt, In these conditions

the recording is mainly of gamma=-rays.

By separating imp:lses of even higher intensity
(corresponding to energy release of over 5,000,000 electron
volt) the instances are marked of the passage through crystal
of cosmic ray particles, possessing high energy. It should j
be mentioned, that charged particles, included into composition |
of cosmic roys and moving practically with velocity of light,
will pass through crystale In this case the energy release

in the crystal will be ebout 20,000,000 electron-volt,
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Besides, the number measuring of impulses, determination
is made of the total ionization, induced in the crystal by
all types of radiations, This is done by means of a circuit,
made up of neon lamp, capacitor and resistances. This
circuit enabies to determine by counting the number of neon
lamp ignitions the total current flowing through the
photomultiplier and thereby to measure the total ionization,

build-up in the crystal.

Investigetions conducted on the space rocket make it
possible to determine composition of cosmic rays in the
interplanetary space.

Gas Component Study of Interplanetary Matter and
Corpuscular Radiation of the Sun.

Until recently it was assumed, that concentration of
gas in the interplanetary space is very low snd is measurable
by particle units in a cubic centimeter. However, some
astrophysical observations of the last few years have shaken

this point of view.

The pressure of sol:. rays on particles of the topmost
layers of earth's atmosphere builds up a unique "eas tail' of
the earth, which is always directed away from the sun. Its
luminescence, projected on the stellar backgfound of the
nightsky in the shape of antihalo, is knowr a8 the codincal

light. In 1953 results were published of observing rolurication
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of zodical light, which brought csome scientists to conclusion,
that interplanetary space in the area of earth contains about
600-1000 free electrons in a cu.cm, If this is so, and since
the medium on the whole is electrically neutral, it should
contain also positively charged perticles in the same
concentration. With certain assumptions the relation was
deduced from the indicated polarization measurements of
electronic concentration in the interplanetary medium and
distance to the sun, and hence also of the density of gas,
which has to be completely or =lmost completely ionized. The
density of interplanetary gas should decrease with increasing

distance to the sun,

Another fact, speaking for the existence of interplanetary
gas with density of about 1000 particles in cu.cm, is the
expansion of the so called "whistling atmospherics" - low-
frequency electromagnetic oscillations; induced by the
atmospheric electro-distharges. To explain the propagation
of these electromagnetic oscillations from the point of
their origin to the point, where they are observed, it has
to be assumed, that they propagate along the lines of the
earth's magnetic force, at distances of eipght-ten earth
radii (i.e. about 50-65 thous.km) from the earth surface,
in medium with electronic concentration of about 1000

electrons in one cu.cm,

However, the conclusions as to the e.istence in the

interplanetary space of such dense gas medium are by no means
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undisputable, Thus, a number of scientist point out, that
the observed polarization of the zodiacal 1ight could be
caused not by the free elestrons, but by the interplanetary
dust. Assumptions are being expressed, that gas in the
interplanetary space is present only in the form of the

so called corpuscular flux, i.e. flux of ionized gas,
ejected from the surface of the sun and moving at speed of

1000-3000 km/sec.

Apparently, in the present state of astrophysics
the question of the nature and concentration of the
interplanetary gas cannot be resolved by means of observations
frm the earth surface. This problem of enormous significance
for elucidating gas exchange between the interplanetary
space and upper laye:r: of earth atmosphere and for the study
of propagation conditions of the sun's corpuscular
radiation, could be resolved by means of devices, set up on

rockets, moving directly in the interplenetary space.

The object of setting up devices for studying gas
component of interplanetary matter.apd corpuscular radiation
of the sun on the Soviet space rocket is the carrying out of
the first stage of thece investigation = attempt of direct
detection of stationary gas and corpuscular flux in the
region of interplanetary space between the earth and the moon,
and rough ectimate of charged particles concentration in this

region. In preparing the experiment on the basis of data-
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available at precent the two following models of interplanetary

gas medium were taken as the most probable: |

A, Stationary gas: medium, consiting mainly of ionized
hydrogen (i.e. of electrons and protons - hydrogen
nuclei) with electronic temperature 5000—10000°K
(approximating ionic temperature). Through this
medium periodically passes corpuscular flux at
velocity 1000-3000 km/sec. with c.ncentraticn of

% particles = 1=-10/cu.cm.

B. Only sporadic corpuscular flux, consiting of electrons
and protons at velocities 1000=3000 km/sec, sometimes

with maximum concentration of particles 1000/cu.cm.

The experiment is being conducted by means of proton
traps. Each proton trap is a system of three concentrically
arranged semispherical electrodes with radii 60, 22.5 and
20 mm. The two outer electrodes are made of fine metal net,
the third is solid and serves as collector of protons. The
electric potentismls of ele.‘rodes in relation to container
body are such, that electric fields, formed between the
electrodes of the trap, should acsure total gathering of all
the protons and ejection of electrons, falling into the trap
from the stationary gas, as well as suppression of-
photo-current from ti.e collector, induced by the affect of
ultraviolet radiation of the sun and other radiations

affecting the collector.
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Division of the proton current, builte-up in the traps
by the stationary ionized gas and corpuscular flux (if +hey
exist jointly), is implemented by the simultaneous use of
four proton traps, differing from each other in that the two
of them have positive potential of 15 volts in respect of the
container shell, This hindering potential prevents falling
into the trap of protons from the stationary gas(having
energy of abcut 1 electron-volt), but cannot prevent falling
into collector of corpuscular flux protons of considerably
higher energies. The other two traps should record the total
proton currents, induced both by stationary and corpuscular
protons. The outer grid of one of them is under the potential
of container shell, and the other has a negative potential of

10 volts in relation to the same shell,

The currents in collector circuits are recorded after

intensification by means of radio-telemetric system.

Investigation of Meteor Particles.

Begides, the planets and their sate.lites, asteroids
and comets, the Solar System contains a large amount of fine
hard particles, moving in relation to the earth and velocities

from 12 to 72 km/sec and known in the complex ac meteor matter,

At present, the main information on meteor matter,
invaling terrestriai atmosphere out of the interplanetary
space, was obtained by astronomical, as well as radiolocation

methods.
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Comparatively large meteoric bodien, incoming at
enormous velecity into earth atmosphere, get burnt within
it, caucing lumineacence, observance vicually and by means
of telescopes. The finer particles are followed by
radiolocators along the trace of charged particles =«
electrons and ions, formed with the movement of meteoric

bOdyQ

On basis of these investigations data were obtained on
the density of meteoric bodies in the vicinity of the ear.h,

their velocity and mass from 10'43 and higher,

Data regarding the fine and most numerous particles
with diameter of a few microns are obtained from observing
dispersion of solar 1light only on enormous accumulation of
these particles., Investigation of individual micrometeoric
particles is possible only by means of devices carried on
artificial earth satellites, and also on high~altitude and

space rockeis.

The study of meteoric matter is of considerable
significance for geophysics, astronomy, for resolving problems

of evolution and origin of planetary systems.

In connection with the development of rocket technicue
and the beginning of the era of interplanetary flights,
opened by the first Soviet space rocket, the study of
meteoric matter acquires a high purely practical interect

for determination of meteoric danger for space rczkets and

ST N an . . .
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artificial earth satellitea, being for a long time in

flighte.

Meieoric bodies on collision with the rocket can affect
it in many ways: to destroy it, to disturd the tightneas of
the cabin by piercing the shell, Micrometeoric particles,
by prolonged effect on the rocket shell, may change the
nature of its surface. Surfaces of optics as a result of
collision with micrometeoric bodies may get transformed from

transparent into opaque,

As we know, the probability of space rocket collision
with meteoric particles, capable of damaging it, is low,

but it exists, and it ie important to evaluate it correctly.

For investigating meteoric matter in the interplanetary
space, the instrument container of the space rocket carries
two ballistic piezoelectric pickups of ammonium phasphate,
which record the impacts of meteoric particles. The
piezoelectric pickups convert the mechanical energy of the
jncident particle into electric, the intensity of which depends
on :he mass and velocity of the incident particles, and the
number of impulses is equal to the number of particles,

colliding with the pickup surface.

The electiric impulses from the pickup in the form of
cshort-period attenuating oscillations are fed into input of

anplifier-transformer, which divides them into three bands

according to amplitude and estimates the number of jmpulces
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in each amplitude band.

Megnetic Heacurementsn.

The achieverents of the Soviet rocket technique oepen 1
out to geophysicicte extenoive poooibilitiec. Space rockets
will permit to carry out direct magnetic fields measurements
of planets by special maguetometers or to detect the planet ;
fields due to their possible effect on the intensity of

cosmic rediation directly in the space, surrounding the planet.

The flight of the Soviet space rocket with magnetometer

toward the moon is tlhie first of these exneriments.

Besides the magnetic fields investigations of cosmic
bodies, the question of magnetic fields intensity in the outer
space, generally, has an enormous significance. The intensity
of the earth's magnetic field at a distance of 6O terrestrial
radii (at a distance of lunar orbit) is practically zero.
There are grounds to assume, that the magnetic moment of
the moon is low. The magnetic field of the moon, in the case
of uniform magnetization, should decrease according to square
cube law of distance from its center. With irregular
magnetization the intensity of moon field will decrease even
faster. Therefore, it can be reliably detected only in

direct vicinity of the moon,

What is the intensity of the field within the orbital

space of the moon at sufficient distance from the earth and

B v P . N . . . , ) e ‘i '




PO,

- 352 =

the moon? GCan it be determined by values, calculated from
the magnetic potential of the earth, or does it depends also
on other causes? The magnetic field of the earth was

measured on the third Soviet satellite in the altitude range
230-1800 km, i.e. upto 1/3 of the earth's radius. Relative
contribution of the possible non-magnetic part of the
jnvariable magnetic field, effect of its variable part will be
greater at a distance of several earth radii, wheve the
intensity of its field is quite low. At a distance of five
radii the earth field should be about 400 gammas (1 gamma =

= 10~2 oersteds).

The magnetometer on board the rocket, flying toward

the moon, is meant for the following:

1. To. measure the magnetic field of earth and
possible fields of current systems within the
orbital space of the moon.

2. To detect the magnetic field of the moon,

The question as %o whother the planets of the Solar
System and their satellites are magnetized similarly to the

earth, is an importan' question of astronoay end pgeophysics.

Statistical processing of a great number of observations
by magnetologists, implemented with a view of detecting
magnetic fields of the planats and the moon from their
possible effect on peometry of corpuscular flux, ejected by

the sun, d4id not produce any definite recultce
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The attempt to fix a common bond petween the mechanical
moments of cosmic bodies, known for the majority of planets
in the Solar System, and their poesible magnetic moments was
not confirmed by the whole series of groand experiments,

which followed from this hypothesis.

At present the most frequently used in various origin
hypotheses of magnetic field of the earth is the model of
regular currents, flowing in the fluid conducting core of
the earth and inducing the main magnetic field of the earth.
The rotation of earth about the axis is used in this case for

explaining particular characteristics of terrestrial field.

Thus, according to this hypothesis, the existence of the
fluid conducting core is an obligatory condition for the

presence of the general magnetic field.

The physical state of the jnternal layers of the moon
is very little known. Until recently it was assumed, on basis
of the surface view of the moon, that, even if the mountains
lunar craters are of volcanic origin, the volcanic activity
on the moon has ceased long 2g0 and it is hardly likely,
that the moon has a fluid core. 4ith this point of view it
should have been assumed, that the moon Joes not have magnetic
field, if the hypothesis regarding origin of terrectrinl mapnetic
field is correct. However, if tue volcanic activity on
the moon is contiinuing, the possibility ic not excluded of
the axistence of irregulsr marnetization of the moon and even

paneprnl uniforn narn~tinntion,




Rl Sit s ]

s s e

[EIPE——

- 354 -

The sensitivity, measuring range of the magnetometer
and the program of its performance were selected for the
Soviet space rocket on basis of the need for resolving the
above problems. Since the orientation of the measuring
sensor in relation to the measured magnetic field continuously
varies due to rotation of container and the earth, the use
for experiment is of a three-component magnetomater of total
vector with magnetically-saturated zensors. The three
reciprocally verpendicular sensors of the magnetometer ard
rigidly fixed in relation to container body on a special
non-magnetic rod over one meter in length. Even in this case
the effect of magnetic parts of containor apparatus composes
50=100 pammas, depending on the orientation of the sensor.
(wite accurate results of measuring nagnetic field of earth

could be cobtained upto distances of L5 times of its radius.

Research instruments aboard the rocket overated
normally. A lot of recordings were obtained of measuring
results, which are being processed. Tentative analysis shows,
that the results of investigations are of high scientific
value., These results will be published as the observations
are procecsecde

The Artificial Sodium Comet and Apparatus
for its Formation.

The artificial sodium conct is a cloud of codium vapors
in atonic state, which is ejected into space frorm the rocket

at n coertain instant. e luninescence of the sodinnm cloud is

S B
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the result of resonance fluorescence. The principle of this
phenomenon is that the sodium atoms disperue solar light in
e narrow interval of frequencies in the yellow part of the

solar spectrume.

The light, which is dispersed by the sodium cloud, is
monochromatic, which makes it possible to attenuate to a
considerable extent the sky background during the observation

of the cloud through special light filters.

The brightness of the sodium cloud, containing 1 kg of
sodium and formed at a distance of 113000 km from the earth,
should according to estimation be equal to the sixth stellar
magnitude, which corresponds to the ultimate possibility of
observing the cloud with a naked eye. For comparison it
should be pointed out, that the brightness cf the space rocket
jtself in flight at this distance is equal approximately to

the fourteenth stellar magnitude.

Therefore, the craation of the artificial sodium comet
permits optical observaticn {rom the earth of a certain point

on the path of the space rocket.

Observation of the sodium comet is only possible at
night. This fact determines the time and the place of the
sodium cloud formation with the flight of the space rockete
The time was chocen with an estimate of its visibility from

the majority of statione in the Soviet Union,
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Special devices were used to form the artificiel sodium
comet, carried on the last stage of the space rocket. The main
unit in the set of devices is the sodium evaporator. The
construction of the evaporator makes it possibl2 to implement
evaporation of 1 kg of sodium within 5-7 sec and ejection of
the sodium cloud in conditions of weightlessness and deep

vacuum of the outer srace.

The command, required for the operation of evaporator at
exactly determined moment, is given by a small-size electronic

command device, the basis of which is the quartz clocke.

The successful launching of the Soviet space rocket
toward the moon and the creation of the first artificial
planet is an outstanding achievement of the Soviet science

and technicue.

The time is not far off, when along the space ways,
the start of which is initiated by the launching of the Soviet
space rocket, interplanetary vehicles will be moving toward
the most distant corners of the Solar System. The mankind
has stepped into an epoch of direct penetration into the

universe.,

"Pravda", 12th January 1959.
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PASS COMHUNI: UL ON THE LAUNCHING CF THE
SHCUND SPACE ROCKET TO THE MUON.

In accordance with the investigation program of the
outer space and preparation for the interplanetary flights a
second space rocket was successfully launched in the Soviet

Unicn on the 12th September 1959.

lie launching of the rocketis meant for investigation

of the outer space during the flight to the moon.

The launching was accomplished by means of a multistage

rocket.

The last stage, having exceeded the escape velocity -

11.2 km/sec, is moving toward the moon,

At 15 hours Moscow time on the 12th of September the
Soviet space rocket has receded at 73.5 thousand km from the
earth and was at that time above the point north of

New Guinea.

The last stape of the space rocket is a controllable
rocket weighing 1511 kg (without fuel)e It carries a container
with scientific and radio-technical instruments. The contuiner
in the shape of a sphere is air-tight and filled with gpas,.
1t has been provided with an automatic system for the: -

control of heat  conditions.
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Aftor incertion into orbit the container with the

instruments was meparated from the last rocket stage.

The following is to be accompliched by means of the

second Soviet space rocket:

- magnetic fields investigation of the earth and the
moons

- investigation of radiation zones around the earth;

- intensity and its variations investigation of cosmic
radiation;

- heavy nuclei investigation in cosmic radiatioaj

- gas component investigation of the interplanetary
matter;

- meteoric particles investigation.

The total weight of testing and metering equipment with

power supply and container composes 390,2 kg

Fc. transmitting to the earth of the whole scientific

jinforwation, parameter measuring of the movement and flight

control the rocket carries radiotransmitter, nper~ting on two

frequencies - 20,003 and 19,997 mepacycles per second.

The trancmitter emits signals in the form of teleprapbic

sendings with duration from 0.3 to 1.5 sec and operates in
a way, that during breaks in radiation of the first 20,003
megacycles per second the impulses arc transmitted on the

second froaquency - 19.997 megacycles per second.
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Thore is another radio-transmitter, operating on

freauencies 19.99% and 29.986 megacycles per seconde

The transmitter's signals are impulses of variable
duration from 0.2 to 0,8 seconds. [he repetition [requency

of impulses is 1 plus minus 0.15 cpse

The third radio-transmitter operates on frecuency 133.6

megacycles per second.

The space rocket carries pennants with the emblem of
the Union of Soviet Socialist Republics and inscription -

September 1959.

For visual observation of the space rocket it carries
special devices for creating sodium cloud¢ - artificial comet,
The sodium comet will be formed on the 12th.of September at
21 hours 79 minutes 42 seconde loscow time. It will be
observed in the Aquarius constellation approximately on the
line, connecting alpha stars of consetellations @aguila and

pisces.

The equatorial coordinates of the comet will be: direct
ascension - 20 hours 41 minutes, declination - ninus 7.2

degrees,

The artificial comct can be observed and photographed
by optical means (with 1ight filters separating spectral line

of sodium) from the territory of Central Asia, Caucacus,

Ukraine, Jelernssin in the central part of the burcpenn
tarpit pooo oo Loy bt cporm mnpope, hfrica, wear snet
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countries, India and Western China.

All the radio-transmitters on the space rocket operate
normally. The ground radio stations are conducting reception

of scientific information from abroad the rocket,

By means of special measuring automatic complex, the
stations of which are located at various points of the Soviet
Union, continuous parameter measuring is being condusted of
the rocket's movement. The processing of measuring results
and orbital elements determination is implemented sn auicke-

acting computers.

Informa*ion regarding the movement of the space rocket

will be transmitted by all radio stati-ms of the Soviet Union.

According to tentative data, the rocket is moving along
a path, close to calculated. It is expected that the space
rocket wili reach the moon on 14th September at 00 hours

0% minutes loscow time.

"we successful launching of the second Soviet space
rocket is & new important step in the investigation and
mastering of the outer space by a mane This extends the
possibilities of International Cooperation in tue spherc of
mostering the outer space, which will contribute to further
lessening of the International tension and strengthening

of peace.

"Pravda", 13th Jeptenher 1059,
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PasS CUMHUNIWWUE PELNAWYS OF THE SUVIET
UNTON - ON ‘LHE MOCN.

Today, 14th September, at 00 hours, 02 minutues
24 second Moscow time the second Soviet space rocket reached
the surface of the moon. For the first time in history apace
flight was accomplished from the ea:th to another celestial
body. To mark this outstanding event pennants were brought
to the moon with the emblem of Soviet Union and inscription:

"Union of -oviet Socialist Repuklics. September, 1959".

To protect the pennants during the encounter with the

moon, constructive measures were takene
The program of research determinations has been completed.

Operation of radios, carried in container with research
and metering instruments, has ceased at the moment of encounter

with the mooii.

Reaching of the moon by the Soviet space rocket is an
outstanding success of the Soviet science and technique. A
new page has been opened in the investigations of the outer

space.

"pravda", 14th September 1959.
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Phe Scientists, Designers, Engineern, Technicinana,
Workers and all the participants in censtruction and launching

of the second Soviet space rocket,

Central Committee of the Communist Farty of the Soviet
Union and the Council of liinisters of USSR warmly congratulate
scientists, designers, engineers, technicians and workers,
participating in construction and launching of the second

Soviet space rocket to the moon,.

Dear comrades ! By your creative and selfless labor
you have once again demonstrated to the wofld the power of
gscientific and technical achievements of the country of
Socialism. The launching of the second Soviet space rocket, v
which reached the surface of the moon on the 14th September,
marks a new era in the mastering by mankind of the outer
sbace; for the first time in history a flight has been

accomplished from the earth to another celestial bodye.

We are convinced, that the new glorious victory o< the
Soviet science and technique will serve to strengthen the
peace in the whole world, to develop friendly relations

between people of avery natinn.

Glory to the Soviet scientists, deeigners, engineers,
technicians and workers, slorifying by their labor our Great
Socialist Motherland, progiecsing under the wise leadership

of Lenin's Party to new victories in the building of communicm!
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Succeanful. work of the eautomatic meacuring complex on
the gronnd permitted continuoun control eonformity of the
nctual f£lipht path with calculated datn, to foreenct copproctly

rotting to the meon and te detarminn the aren of landing.

Analysio of the aetual movement path of the secend
Sovict spoce rocket on beeis of rceorded datn of all types of
measurenents ard observations vermits te carry out at precent
the firet verification of the landinr nrp-oa of container with
instruments and the last stage of the rocinte Vnto processing
of observations shows, that the container landed on the moon's
surface cast of the Mare Jerenitatis in the vicinity of
crateirs Aristilluas, archimedes and autolycus,. The selenoriraphic
latitude of the encounter point >f container with the surface
of the moon, according to obtained data, is plus 30 degrees,
and the sclenographic longitude is zero. Deviation of the
landing point of container from the center of the visible moon

diseis avproximately C00 km.
vr y

At the moment of container's encounter with the moon
its vath was inclined to the surface of the moon at an angle
of 60°. The velocity of container in relation to the moon

was about 53 km/sec,

e obtaincd data processing confirus, that the lnost

stage of the space rocket has also reached the moon.
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Ac has been communicated, during the flight of the
second Soviet space rocket to the moon the following
investigations were to be carried out: magnetic fields of
the earth and the moon radiation zones around the earth,
intensity ¢f coumic radiation, of h=avy nuclei in cosmic
radiation, of pas component in the interplanetary natter,

meteoric particles,

Analysis of material, obtained as a result of these
investigations, confirmed, that the instruments in container
operated normally. Initial interpretation has been carried

out of the telemetering,

The obtained tentative data permit even now to fix the

following?

- the magnetic field in the vicinity of the moon,
according to magnetometer recordings, within the
senritivity limits and deviétion error (about 60
gamme.) , was no: detected;

- intensity measurements of radiation in the vicinity
vf the moon detected no radiation zone of charged
particles. This fact is concordant with results
of mapnetic measurewments;

- measurenents were conducted in the oute; space along

mi; the path of rocket of the total flux of cosmice
radiation, fiux of helium nuclei (alphn-particles).
nuclei of carbon, nitrogen, oxygen and heevier
nuclei in the composition of cosmic rays;
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- additional data were obtained on L-rays, gamma-rays,
clectrons of hich and low energies and high-energy
particles;

- measurements were conducted within the radiation
zone of the earth;

- recording was made of‘currents, induced by particles
of ionized gas, falling from the surrounding medium
into the four set up on container traps of positively
charged particles. The intensities of recorded
currents vary along the path of the rocket; tentative
estimates show, that there are regions between the
earth and the moon, where concentration of ionized
particles is less, than a hundred in a cubic centimeter.
In nearing the moon at a distance of about ten
thousand km the recorded currents become of higher
intensity. This could be explained either by the
existence around the moon of ionized gases blanket -
a unigue lunar ionosphere, or by the presence around
the moon of a region of higher concentration of
¢ orpuscles with energies of some tens of volts;

- 1ew data were obtained on micrometerse.

Further processing and analysis is beinp carried out of

the obtained datae.

On completion of this work “he results of carried out

investigations will be published.
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The constructicn of multistage space rocket, engines,
flight control system and a complex of ground stations, which
héve assured the exact start and high-precision movement of
the rocket to the moon, as well as reliable control of %he
rocket's flight till the moment of encounter with the moon,

is an outstanding success of the Soviet science and techrique.

The launching ol the second Soviet space rocket, complex
of investigations carried out and the reachin. of moon surface
will make a considerable contribution to the world science,

into the mastering of the outer space by a mane.

"Pravda'", 27-. September 1959,

THE FIRST FLIGHT TO THE HOON.

An exciting communication flew around the world about
the launching in the Soviet Union of the second space rocket,
which has reached successfully the moon's surface on the
14th September at 00 hours, 02 minutes .4 seconds. For the
first time in the history of mankind a flight was mccomplished

from the earth to another celestial -ody,

The accomplishment of the flight from the eartn to the
noon was made possible by the hi.h level of scicnée and
technijue developmea® in the Scviet Union. It is the results
of the effort of the Soviet scientists, desipners, enpgineers,
technicians and workers, the result of inspired labor of

the numerous staff, participating in construction and launching
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of the second Soviet space rocket. The launching of a
rocket to the moon is a very composite scientific and

technical problem.

For the flight to the moon it was necessary to construct
a most perfec’ multistage rocket, powerful rocket engines,
operating on high-calory fuel, uigh-precision flight control
system of the rocket, ground starting equipment and automatic

metering complex to follow the rocket's flight.

In order to imagine the demands for accuracy of rocket
flight control, in start automatics, of measuring job for
resolving the launching problem of rocket to the moon, we give

some information regarding movement of the moon, and certain

questions, related to selection of the flight path.

Let's re:all the main characteristics of the moon's
movement, known from astronomy, The moon, being a satellite
of the earth, moves around the earth along an orbit, almost
circular. The orbital inclination of the mocn at present is
about 18°. Because of this the orbital declination of the
moon, i.e. the angle composed by the line from the center of
the earth to the moon with terrestrial equstor plane, varies
from + 18° to minus 18°. The orbital period of the moon
around the earth is about 27.3 dayse. Distance of the moon
from the earth composes on an average 3944386 km and varies

from 356,400 km at perigee to 406,670 km at apogee. The

orbital velacity of the moon is approximately 1 kn/sec. At
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this velocity the moon describes during 24 hours an arc in

celestial sphere of about 1% degrees,
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iige104 The impact area of the second space rocket
with the moon. DVDirect image,

1= liare Imbrium; 2« lare Serenitatis; 3g dristillus

crater; 4- Archimedes crater; S- autolycus crater.

The flight path of the rocket to the moon consists of
two parts: acceleration region, vhere under the effect of
engine impulse the rocket is brought out into a certain epace
point picking up the required velocity, and the free flisht
region, which begins after the engine cutof’ of the last
stage of the rocket and separation of container. The
separation of containe - from the lant rocket stage takes
rlace due to their mechanical disconncction and imparting to

container certain additional velocity.
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According to the laws of celestial mechanies, the
free flight trajectory after the eugine cutoff in its mejor
part, vhere the moon's attraction is comparatively low, waa
similar to hyperbola, wit: one of the foci in the center of

the earth,

With increasing distance from the earth the velocity
gradually decreased to about 2 km/sec. Heiuce due to
progressively increasing effect of the moon's attraction
velocity decrement has ceased., The velocity bepgun increus.ng
and continued to rise tili the moment of impact with the moon's
surface, The velocity of impact with the moon was upto 3.3

ka/sec.

The 1 -unching of rocket to the moon was preceded b}
theoretical investigations and technical calculations, which
enabled to determine the trajectcry parameters and the
starting time, providing for reaching the moon in the most

suitable conditions, Let's discuss it in more detail.

In principle the launching of rocket for reaching the
moon is possible any day, i.e. at any position of the .oon in
its orbiting around the earth, liowever, the ectimates chow,
that the launching of the rocket from points of terrestrial
surface at latitudes of the Soviet union is energetically
suitable, when the moon is ciose to the point of its minimum
orbitul ‘eclination, i.c. when the moon's declination s

cloge to =18%. 1In this case the rocket in the acceleration

area will move at lowest angle to terrestrial surface and

.
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vuloecity loams due to earth's attraction will be nini um,
which aosures the poositility of sending to the moon of tle
highest effective loads 'With the start at a later or

earlier period the weight of the possible effcetive load
decreases. However, with the snift of a few days this loss
is comperatively low, and during each luna: ‘month there is an
interval of about a week, during which the flighi to the moon
will be expedient. With a more conside.able deviacion from
the optimum period the possible effecti-e weigh* becomes

sharply reducecd.

Fig.11. Course diagram of the second space rocket.
The fi 'res on the di.rsram correspond to succeassive
positi.as.of the rockets projection on earth surface.

1= 12 hrs,12h September; 2- 15 hrs, 78500 km frorm the earth;
%= 18 hrs, 112000 km; b= 21 hrs, 142000 km; lta- formation of
artificial comet; S 00 hrs, 13th September, 171000 km;

6= 3 hrs, 198000 km; 7- 6 hrs, 224000 km; 8= 9 hrs, 250000 knj
9- 12 hrs, 274000 km; 10- 15 hrs, 297000 km; 11- 18 hrs,
322000 km; 12= 21 hrs, 346000 km; 13- 00 hrs, 02 min. 2l sec,
14th September 371000 km, impact point with the moon,

U iR 1 . i I




e, T e i

[PRSNSUE—

- 373 -

“ithin the .indicated interval during the impact of
rocket with the moon the moon should be ahove the horizon,
In the flight of space rncket the impact time wac selected e,
that the convergence with the moon should occur during the
period, when for the observation roints the moon is cloge to
the point of the upper culmination. i.e. its height above the

horizon is almost maximum., In this case the condit.ions of

+s-io=communication are the riost favorable,

45 a result of calculations the selection was of the most
benéficiel inclination of trajectary plane, which determined
for the preset start point tne course of the rocket's flight

in the initial sectisn. With different directions of the

course inclination ¢ the rocket's velocity in the acceleration

section and the oss to attraction force of the earth dil fer.
The course was selected vith an estiﬁate of minimum loss and
hence, ¢f a maximum possible effective weight, The questions
were also considered of convenient arrangenent of the set of
instrument: for the flicht conirol and obt ining of telemetric
information voth in the acceleration arem and in the initial

area of free flight after the engine cutoff of the last stage.

Calculations have shown, that in flight to the moon from
the territory of the Soviet Union the moon at the moment of
start should be beyond the horizon close to the point of the
lower culmination, This means, that the moment of start
should differ from the moment of the upper culminaticn of the
moon by about 12 hours, If 1% i5 tmken into account, that

at the inctant of reachir:- the moon it should be at the point
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of the upper culmination. it hecowes ~Lear, that the

flirht *» the moon should nontinue eiiner for 12 or 36 hours,

or two and a half days, etc.

For the flight of che space rocket the duration woo
gselected of about one and a half days, since the flight of
half a day requires extremely high ctarting cpeed, and the
flight of two and a half and more days on condition of impact
with the moon and assured observation of i% at the moment of
impact inv,lves the necessity to satisfy much more stiff
requirements of the accuracy in main:aining :he flight

parameters at the end of the accelerction aren.

The choice of the flight duration nas determined the
velocity of rocket at the termination of the acceleration area,

which, as mentioned above, was slightly higher than merabolic.

Calculations of the rocket's pafh both in the acceleration
area and in the free-flight section were carried out by means
of quick-acting digital computers. The attraction forces of
the earth and the moon were tak=n into account in cslculations.
It wvas also found to be anecessacy to take into account
deviation of the earth's gravity field from the centrel due to
compression of the earth and disturbing effsct of the sun's

attraction.

To obtain during the flight of the rocket parameters of

movement at the end of the acceleration section, adequately
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coineiding with *their caleulated values, th» pncet carraed

a control ayatem, whiech vas aperating throus o1t the extent
of the iccelerantion section, duration of whic laoted geveral

minutes. The further <ne and a half day'c fl.ght of the

rocket was non-controlab.e and wac only due to the affect of

the earth's gravity £°-1d, the moon aad other celestial bodies.

To assure the impact of the rocket with the moon in the

absence of any corre i0a of its movement in th¢ free-light

section the ca..ulated moverent parameters at the end of
acceleration section should be very prec.ses Thus, error in
the rocket's v2locity only of one me.er Ler second, ie.te bY
0.(7% of the tot 1 velocity, raesults in dev.etion of the
impact poin%t with the moon by250 km, Devia..on of velocity
vector rfrom the calcu.ated direction by one angular r inute
causes displacement of the impect point by 200 km. Considerable
effect on the position of the impact point of rockst with the
moon has also change in coordirates of the engine cutoff

point, All toe listed errors, as well as the inaccurate start
time of the rocket have a combined effect, determining,

invariably. greater deviation of the impact point with the

meon, thar de iation due to each factor individuall ‘.

Considering, thaot the moon's radius 25 1740 kn, for

relinble impact with 0ne moc. the erro=~ in velocity should

not be over n few mets: per second, and de.i tion of

velocity vector fromu the colenlated direction nol ove= one




b o e vy~ =T o

PR ——

“ 376 =

tenth of a degree. To provide this accuraey in the control

of the rocket ic a verr diffiecult problem.

It chould bte mentioned, that accomplishment of the
flight to fae moon from the territory of the Loviel Union
requ.res rore exact acecuracy in the performance of control
system, that the fligh. from areas of the Glebe nearer *o

equator,

The need to maintain the exact calculated tuime of the
stert ic bound with the fact, trat the projectory plane of
the rocket turna jointly waith the earth in its diily rotatfon
about the axis., Deviation of the starting time by 10 seconds
causes disp.acement of the impact point on the surface of the
. on hy 200 km, The sturt of cosmic rocket at preset moment
with uccuracy ¢ £ upt>» a few seconds rcquires considerable
cffort in organizing and preparing the start and proper
functioni.g of the automatic luunching systeme The leunching
of the secon: Suvie: space rocket, accomplished with high
accuracy, indicates perfection of the starting system and

high reliability of the starting automatics.

The start of the second space rocket was accomplished

with d~viation of about one second from the fixed moment,

In the problem of the space rocket flight moct
important were the questiuns of building un metering and
calculating service of a composite complex, meant for auick

ditermination of the movement characteristics of space rocket.
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'Phe npecific requirement, determining the complexity
of the mennuring oyntem an a whole, in the requirernent of an
guick nn pnanible obtaining of data en the movement
characterinties of the rocket, Thece datn are necencory for
enleulating tarpet desipgnntion to observing and measuring
services to eastimate the forecast on the rocket's movement

and on the impact point with the moon's surface,

A5 shown by the above data, which characterize the effect
of errors in movement paraneters on position of the impnct
point, determination of these parameters {rom the measuring
data should be done with very high accuracy, corresponcding to

accuracy of astronomical calculations.

The usual methods for determination of movement
characteristics of cosmic bodies, developed by many-years
astronomical practice, cannot be used for the above purpose.
Actually, the basis of observing astronomy - opticul
measurements - are unsuitable due to the small size of rocket
as an object of observatior, due to low accuracy »f{ some
angular meesurements with toe limited observation time nnd,
finally. due to low reliabil.ty of these meapsurements,
dependent to a considerable extent on conditions of visibility
and the state of earth atmospheres Therefore, the masasuring
job of the space rockets io based on radio=technical weans
of mepsuringe In thius cnse the meusuren~nts used are of

-*_.ique distances, angles and radinl velocities.
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Thene npecifien nnd requirensptn for determin: tion
af the apnee roeket novement porpaneters nre fully ectimgt=d
in the autemntie mepaur npg comoler. Thin eomnlex perritc to
nensure the current oblicue dintance to rocket with hirh
rrecision nnd tvo anples per reockeitd aznimutl: and ploce anple
Measurements data, obtained at *Ye nmeasurin; voint, ure
converted into binary code,; pre-nrocessed and tied to
astrdnomical tine.s aJ1l above operations are being narried
out by special digital file computers, The same {ile
computers provide for automatic issue of mear wv2d waea in
communication line both in conditions of measuring and in
conditions of memorized informatior issue. The incoming
information is automatically decoded in computing cer*»r by
means of special electronic devices and punched on cards,
which are hence put into electronic computers., ¥From
measuring data, incoming from various neasuring stations,
the computers carry out calculations .gf the intial movements

of rocket, target destination and coordinates of the impact

point witl: the moon,

In order to ohtain the nost complete data of the space
roclket moveme.t within the vhole flight area upto the noon
continuous measurements were conducted of distance to the
rocket, ite radial velocity (velocity of withdrawnl from
the measuring point) and angular coordinates: place anpgle
and wimuth, The measurements were on freguency 18%.6

megnecycles per second,
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Data of =scientifie observations, conducted on board
the space rocket, and information on working conditions of
the instruments (pressure and temperature) were transmitted
and recorded by the pround telemetric stations., Scientific
data were transmitted by means of radio-transmitters,
auerating on freouencies 183.6, 39,906 and 19.993 megacycles

per second,

The flight of the rocket's last stage was observed
through transmitter, operating on two frequencies: 19.997 and
20.003 megacycles per secund. Additional scientific information
about the intensity of cosmic radiation from device on the
last stage of the rocket were transmitted along the same

radio-channel,

Thus, in the observation of the second Soviet space
rocket a large complex was parficipating of radio-technical
stations, located at special measuring points in variocus
varts of the Soviet Union, All the measuring points were
joined by a special cormunication system, providing for quick
transmission of data into computing center and target

destination to measurinpg points,

For coordination of the measuring points in time and
tying of results to single time the use was of cpecially

created for this purpose time service,
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Pentative processing of measuring data, which came

after 20=-20 minutes from all the measuring stations of the
Soviet Union along the automatic communication lines into
computing center, made it possible within the first hour of

the space rocket flight to estimate the path of its further
movement, to verify, that it was placed quite correctly for

the impact with the moon, to estimate target designation for
subsequent measurements and observations both to Soviet and
foreign measuring stations. From these data it was determined,
that the assumed impact point is in the northern part of the

moon's visible disc.

The subsecuent more accurate proceséing of these data
with additional information on distance measuring and radial
velocity of the rocket made it possible to co.ufivm the place
and the time of the impact with the mocn. It was fired, that
the impact point lies in the area of lLare Serenitatis 800 km

from the center of the visible moon disc.

The successful flight of the second Soviet space rocket
to the moon is an important step in the investigations cf the

outer space and celestial bodies.

"Pravda', 21st S8éptember 1959,
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PASS COMMURICALION U THE LAUNCHING OF
THE TLIRD SPACE ROCKET Tu il HOOH.

In accordance with the program for investigation of the
outer space and preparation for interplanetary flights a
third successful laurching of a space rocket was accomplished

in the Soviet Union on 4th October 1959. The rocket carried

an interplanetary station.

The launching was implemented by means of a multistage
rocket. The last stage of the rocket, having picked up the
preset velocity, inserted the automatic intervlanetary

station into required orbit.

The orbit of this station was selected with an esiimate

of its passing in the vicinity of the moon and asound it.

The automatic interplanetary station will pass the moon
at a distance of about 10 thousand km and, and rounding the
moon, will pass in its further movement in the area of the

earth. Uhe selected orbit makes it possible tc observe the

station from the northern hemisphere of earth.

The last stage of the third 5oviet spmce ro~tet weighs

1553 kg (without fuel).

The interplanctary station was carried on the last

stage of the rocket. After insertion into orbit the station

was separated from the rocket. 'I'he last stapge of the rocket

moves along an orbit, close to that of the station. The

|
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automntic interplanctary station is desipgned for extencive
investigations in the outer space. Set up abeard the
station are the ruscarch and radio-technical devices, as
well as an automatic system for thermal control. Power
supply of devices on board is provided by solar batteries
and chemical current sources. Total weight of the station
is 272.5 kg. Moreover, the last stage of the rocket carries
measuring instruments with power supply sources weighing

156.5 kge Thus, the total weight of effective load composes

435 kg.

Scientific information and mecasuring results of the
movement parameters of the automatic interplanctary station
will be transmitted by two radio-transmitters on frecuencies
329,986 and 133.6 megacycles per second. The orbital elements
of the interplanetary station will be controlled at the sane

tine on r»adio-line with frequenc 183.6 megacycles per second.
1 3 o

Signals of transmitter on frequency 729,986 megacrcles
per second are impulses of variable duration from 0.2 to 0.8

sec. The repetition frequency of impulces is 1 + 0415 cps.

Informetion transmission from aboard the automatic
interplanetary station will take place in periods of 2=l hours
daily, in accordance with the observation program. OUperation
of devices on board the interplanetary station is controlled

from the earth, from the coordination-computing center,
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The rocket's parameters are measured by the automatic
measuring complex, ground stations of which are ' located at

various points of the Soviet Union,

Transmissions on the movement of the third space rocket

will be carried on by every radio-station in the Soviet Union.

The routine working period of the radio-stations will
begin on the 4th October at 13 hours Moscow time., At this
time the rocket will be above a point in the Indian Ocean with
coordinates 80° east longitude, 5° south latitude at 108
thousand km above the earth. The working period of the radio=-

stations will continue for about 2 hours.

Radio observations of the rocket could be conducted from

surope, Asia, Africe and Australia.

The launching of the third Soviet space rocket and
construction of the automatic interplanetary station will make
it possible to obtain new data on th2 outer cpace and will be
further contribution of the Soviet People in the International

Cooperation on mastering the cosmos.
"Pravda', 5th October, 1959,

TASS CONMIUNIUE ON YHLE NMOVEMENT OF THE THIRD
SOVIET SPACE ROCKET ("LUNA=3"),

In accordance with the planned prorranm of investigations

on 7th Uctober at 6 hours 30 minutes loscow time the avparatus

was switched-on aboard the interplanetsry station for obtaining
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an image of invicible from the earth part of the moon and

subsequent transmission of thic image to earth,

ire12. Photograph of the other s.de « £ the moon.
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To photograph the moon the automatic interplanetary
station is equipped with orientation system and photo-
television cemers with special arranpement for the automatic

processing of the film.

The time of photographing was w«zlected with an estimate
for the orbiting station to be between the moon and the sun,
which illuminated about 705 of the invisible side of the moom,
The station then was at a distance of 60-70 thousand km from

the moon's surfaces

Orientation system cut-in by a special command turned
the station in a way for the objectives of the photocamera to
be directed at the other side of the moon and gave the command

for the switch on of the photo-camera.

The moon was photog=aphed for about LO minutes and a
considerable number of the moon's pictures wes obtained on

two different scales.

Developing and fixing of films were done nutomatically

aboard the interplanetary station.

Signals of the photoimape of the moon were transmitted
to carth by means of speciel radio=tochnical system, This
system provided simultaneously data trancmission of scientifice
measuremcnts, orbital elements determination, ard transmission
from the earth to the interplanetary station command®g,y

controlling its operation. Television camera transmitted

half-tone imape with high recolving power.
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The first shots of the invicible part of the moon,
obtained as a result of tentative processing, will be
published in the news,apers of 27th October with necessary

descriptions and subsequently - in science editions,

A commission has been set up by the Academy of Sciences
USSR to name the craters, ranges and other features of the

invisible part of the moo.,

Instruments were arranged on board tne automatic
interplanetary station for investigations in the interplanetary
space. The obtained recults were recorded on film by the

ground stations and are at vresent being processed.

The performance of the automatic interplanetary station

during the first revolution has shown, that:

the flight of cosmic object along a composite pre-
calculated orbit is successfully assured orientation

problem of the object in space has been resolved;

radiotelrmechanical communication and transmission of

TV pictures at cosmic distances has becn accomnlished;

The imaoge has been obtained of the other side of the

moon and a number of other results.

st 20 hours on the 27th of October the interplanetary

station will be above the point of terrestrial surface with

coordinates 38% 61 yweut longitude and 6° %50' north latitude
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at 434 ¥m from the earth's center.

Verification of the orbital characteristics of the
interplanetary station shows, that it will exist from the
moment of start for about half a year and will accomplish
11-12 revoiutions around the earth. At the end of this period
the interplanetary station will enter into dense layers of

the earth's atmosphere and will get burnt.

"pPravda', 27th Octoher 1959,

PHE PLIRD SOVIBT SPACH ROCKET.

Un the 4th Oectober 1959 a successful launching was
accomplished in the Soviet Union of a third space rocket. The
object of the launching was the resolution of a number of
problems in connection with the outer space invest:;ations.

The most important of these was the obtaining ~f the photogranhic
picture of the moon's surface. Of special scientific interest

was to obtain photograph of the part of the surface, which

due to peculiar movement of the moon is quite unattainable

for terrestrial observers, as well as a part of the surface,
visible from the earth and such low angle:, that it cannot be

authentically studied.

For detailed investipation of the outer space and
obtaininz photsgraphic picture of the moon an autonmatic
inter»l: wetary station was constructed, which by meonc of a
multistage rocket was placed into orbit around the moon.

Bxactly nccording to calculations the antomntic interplanetary
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station paisced at a distance of several thousand km {rom
the moon and due to its attraction hanged direciion of the
course, which made it possible to obtain flipght poth,
convenient both for the photographing of invicible from the
earth side of the moon and for trarsmission to the carth of

the obtained information.

The launching of the third space rocket and insertion
into presat orbit of the automatic interplanetary station
required resolution of a number of new, very difficv1lt
scientific and technical problems. The multistage rocket,
used for insertion of the station into orbvit, wae of high
constructive perfection with powerful engines, working on
high=energy fuel. vontiol system of the rocket during the
acceleration period made it possible to obtain the preset

parameters of flight with high accuracye.

Scientific investizations by means of the automati
interplanetary station provided considerable amount of
material, which is at present being processed. Photogranhs,
obtained from the other side of the moon, are of enormous
acientific interest., For the firest time in history it was
poasible to take a look at “he part of the moon's surface,

never observed from tue earth,

The lpunching of the automatic interplanetary station

indica%ses high level in development of our science and

technique.
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The Arrangement of the hutomaiic Interplanstary Stntion,

hs automntic incerplanetary astatio. ic a opace vehicle.
equipped with a coi'posite set of radio-technical, photo-
television and scientific apparatus, special orientation system,
program devices iur controlling performance of the apparatus,
automatic control system of the thermal ccnditions within

the station and power-cupply sources.

The special radio-technical system measures -rb’tal
parameters of the station, transmits to the earth television
and scientific telemetering information and commands from the
earth for the pzrformance control of a:saratus on hoard of the

interplanetary station.

The orientation sysiem assured orientation of the
interplanetary station in the space relative to the sun and
moon, required for the photographing of che invisible side of

the moon,

Operation of the station's appcratus is controlled
from the ground stations along a radio=-line, as w>ll as by
independent program devices on boarde. 'Thic type of combined
svstem makes it posgible tc -ontrol most conveniently the
seientific experiments and to obiain information {from any
sections of the orbit withir the limits of rad r-visibility

from t'ie pround observation stations,
)
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Tho thermal eontrel cynien eontinuoualy meintainag
within the otation the preset heat conditionn. It providec
for elimination of Leat, given-off by deviees, throupgh a
special rodiation surface into surrounding space. To
contrcl heat output louvers are fixed on the outside of the
body, ¢« pening the radiation surface with the rise of temperature

inside the station upto +25°C.

The power-supply systewu contains independent blocks of
chemical current sources, providing power to shorteaction
devices, anc a central block of chemical buffer batterye.
Lnergy consumption ot buffer battery is compensated by solar
sources of current. The apparatus is energized through

transformers and stabilizers.

The set of scientific instruments aboard the automatic
interplanetary station provides fog.further development in
the investigation of cosmic and circumlunar space, begun on

the firct two Soviet space rockets.

The autcmatic interplanetary station is a thin-walled
air-tight construction of c¢ylindrical shape with sphericaol
hottoms., Haximum diameter of the statior. is 1200 mm, length -
1300 mm (without the antennas). arranged on a frame inside
the body are the instruments and chemical power courcese.
Arranged outside is a part of the scie tific instruments,

antennas and sections of solar battery. The top Lottom has

an illuminatrr with cover, automatically opering prior to

g,

s e
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photegravhinre There nre small illuminngora at the top nnd
bottom cides for the coler sennorn of the oriontation syctem,
The eoantrel enpgines of the orientation eystem are arrcnnged on

the lower bottom,

Talken ac the mnt cxpedient arrangement to photograph
the moon was the sighting of the nhoto-camera by a turn of
the whole interplanetary station. The orientation system
aboard the station turned and maintained the interplanetory

station in a required positione.

The orientation system was cut=in after the approach to
the moon, at a moment, when the station was in the precet

position in relation to the moon and the sun, assuring the

required conditions for orientation and photogranhing. Distence

to the moon in this case in accordance with calculation is

60=-70 thousand km.

At the start of vork the orientation system, which
includes optical and hydroscopic sensors, logical electronic
devices and control motors, first of all stoped the arbitrary
rotation of the interplanctary station about its gravity
centor, originated at the moment of scparation from the last

stage of the carrier-rocket.

The nutomatic interplonctary station ic illumined by
three bright celestial bodies - the sun, the .oon, and the
carth, Its flight path was selectied in a way, that at the

moment of the shot the station would be avproximately on &

| | |
a | !
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otraight line, conncetinpg the run and the moon, In bhic
cane tho eorth sheuld be offnide Trum the mmemncon 1inn, to

provent erientaiien on the earth insteod of to the moon.

This positien of the interplanctary station ir relation
to celestial luminaries at the starting moment of ovrientotion
enabled to use the following method: initially its lower
bottom by means of solar seasors was directed «t the suns
thereby the optical axes of the photo-camera werc directed into
oppocite side = at the moon. Therecaiter the appropriate
optical device, in the vision field of which the carth and the
sun could not anpear anyuwore, cut-off orientation to cthe sun
ond set an exact orientation on the moon. The sipgnal inconing
from the optical devices of the "presence" of the moon
pernitted photogravhinge. During the whole period of photorraphing
the orientation system continunusly guided the interplanetary

station on the moon.

After the exvosure of all the frames the orientation
system was cut-=off. it the cut-off moment the system imparted
to the automating interplanetary station an ordered rotation
with angular velocity, chosen so, as to improve, on one hand,
the thermal conditions, and on the other - to exclude the

effect of rotation on the functinning of scientific instrumento,

The Flirht of Interplanctary Stntion.

The orbit of the automatic intcrplanctary stntion wae

specially adapted for resolving the ansigned comrlex of
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ccientific problems, To obtain the reauired orbit, besides
providing the necess . © velocity and the course of the
station at the mo .t of the engine cutoff of the last stare,

the effect was also used of the moon's attraction.

The path around the moon had to meet a number of -

requirerients. To ensure the correct rerformance of the
orientation system during photographing it was necessarv, as
mentioned above, that at the starting moment of orientation

the moon, station and the sun would be on anproximately on

cne straight line. Distance :rom the station to the moon

during the period of photogranhing was taken about 60-70 /

thousand km,

The nature of the path should have allowed to obtain
maximum amount of information at the first turn and specially
at low distances from the earth. To inolement this requirencnt
it was necessary to ensure the best rossible conditions of
radio-communication with the interclanetary station fronm

the ground points on the territory of the Joviet Union.

It was also most desirable to obtain fer scientictic
investigations a flight path, providing [or the movement of
interplanetary station in space of a sutficiently rrolonred

periode.

The flight around the moon with return tn earth rnay be

nccomplished along a path of various types. To obtain these

paths the velocity ot the end of accelerntinnm flirht should

|
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be comewhnt lower than the so called escape or parabolic
velocity, which on the ecarth's surfore ccmposes 11.2 km/scc,
If the flight path passes at a distance of some tens of
thousands km from the moon its effect is comparatively low
and the movement in relation to earth will be along a path,

similar to ellipse with focus in the center of the earth.

However, the vath of a distant flignt around the moon
rassing it at some tens of thousands km has quite a number of
most essential drawbacks. With the flight at great distances
from the moon the direct investigation of the outer space in
the immediate vicinity of the moon becomes impossible, With
the launching of the rocket from the northern hemisphere of
the earth the return to esrth takes place from the side of the
southern hemisphere, which makes it difficult to conduci
observations and reception of scientific information by the
stations in the northern hemisphere., 1he mevement in the
vicinity of the eartih duriny the return is beyond the
limits of visibility from the northern hemisphere, and hence
the recention in the vicinity of the earth of information
regarding the results of investirntions becomes impossible.

Un return to the carth tue rocket enters the dense atmospheric

layers and pgets burnt, i.e. the flight ends after one rotation,

These shortecomings could be avoided, if another type
of path is used during the flight around the moon, which will

pass just at a few thousands km from the moon,
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The flirht path of the automatic interplanetary station
passed at 7900 km from the center of the moon and was selected
with an estimate for the station to be south of the moon at
the moment of the maximum approach, Due to the moon's
attraction the path of the automatic station in accordance with
calculations deflected northward., This deviation was so
considerable, that the return to the earth took place from the
side of the northern hemisphere., Horeover, after the approach
to the moon maximum height of the station above the horizon
for the observation points in the northern hemisphere increased
from day to day. There was a corresponding increment of
periods, during which direct communication was possible with
the automatic station. With sufficient approach to the earth
the automatic station could be observed in the northern -

hemisphere as a sustained luminary.

The conditions for information reception on approach to
the earth and conditions for scientific investigations in the
area to immediate vicinity of the ecarth were gquite goods On
return to earth at the first revolution the station did not
enter into atmosphere and did no perish, but passed at L7500 km
from the center of the carth, moving along an extens-d elliptical
ortit of very lerpe dimensions. Maximum withdrawal of the

station from the carth composed 430 thousand km.

Thus, with passame close to the moon it is possible to
obtain flight paths of the automatic interplanctary station

moct interostinn'und beneficial from the viewpoint of
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scientific investigations and reception of scientific

information.

The flight of interplanetary station in the vicinity
of the earth takes place at such great distances from its
surface, that there is no atmospheric brake drag. Therefore,
if the movement was due only to attraction force of the earth,
the automatin station would have been an earth's satellite

with unlimited period of existence,

Whereas, in reality the time of the station's movemant
is limited. Due to disturbirg effect of the sun's attraction
the nearest orbital cistance from the earth - the perigee -
gradually decrcasesa. Therefore, after a certain number of
revolutions, the station with one of its returns to the earth

will enter into dense atmospheric layers and will get burned.

The decrease in the altitude of perigee during one
orbital period depends on dimensions of the orbit and specially
on the altitude of apogee, i.e. on the maximun distance of
orbit from the earth, sharply increasing with increased
altitude of apogeee. Therefore, in selecting the nath of the
interplanetary station it was necessary to obtain the altitude
of apogee as low as possible and not much exceeding distance
from the earth to the moon. It vas also necessary to et
the altitude of mperipee on the first revolution us high as
possible. The egtent of meeting these requirements will

determine the total number of the station's rotations around

the earth and its timc of existence,

bt e
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The effect of the moon is not limited to that, vhiceh
it exerts during the periods of the firct close approach.
Disturbances of the station's orbit from attraction of the
moon are not of such regular nature, as disturbance of th:2
sun, and depend to a great extent on the orbital period of
the station around the earth. The effact of the moon could be
guite appreciable, if at some of the subsequent revolutions
there is a repeated close approach to the moon. In this
case the approach of the station to the moon would have talien
place approximctely at the same point of the lunar orbit, as
the first time. In the case of rer:ated close approach the
nature of the station's movement may ci.unge considerably. If
the interplanectary station will pass close to the moon from the
south side, i.e. the second approach will be of the same type,
as the first, the number of revolutions and the vxistence time
of the station will sharply increase with maintenance of the
banic.property of its pnth = approach to the earth from the
side of the northern hemispheree. If the repeated passape will
be from the side of the horth, the verigee altitude of the
orbit will decrease and in the case of guite a strong
disturbance thore may occur a collision with the earth in the

very next return,

Un those eorbital loowvs, where there in no close approach
to the moon, the moon ncvertheless excrts wsome effeet on the
orbiting of the stution. although the atitraction “orce of
the moon ir this ecane is very low, however, by affecting

conciderable number of the path's loops, the moon's attraction

ORI USSR S
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has a considerable effect on the orbiting of the automotic
station, causing decrease in the altitude of perigee and

reducing the orbital existence time of the station,

The orbiting pattern of the automatic interplanetary
station under the :*fect of the simultaneously acting gravity
forces of the earth, the moon and the sun are most comnlexe.
The_nature of the passage close to the moon in the first
approach determines further orbiting of the interplanetary

station.

Since the movernent of the interplanetary station is not

corrected on the way and the whole of its flight is determined

in final count by tie orbital parameters at the end of
acceleration period (mainly by the velocity attidude), it is
clear, that the realization of the above described space
station poth is only possible with extremely perfect control

system of the carrier-rocket in the area of acceleration.

Galculations,show, that with devintion from the point
of station's vassape through .he pattern plane by a thousand
km the minimum distance between the earth and the station in
its return will vary by 5=10 thousand km, and the time of
the moximum approach to the earth - by 10-14 hours. The

picture plane in t.is case is the plane, passing thr